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The CP Holder is a single purpose unit. Its function is to receive milk pre- 
heated to approximately pasteurizing temperature and holds it at exactly pasteur- 
izing temperature for the required period—usually thirty minutes. 


Its performance is positive and automatic. Every drop of milk delivered to 
the cooler has been held. There is no intermixing. The capacity is flexible 
without change of holding time. It can be used with any type of heater and 
cooler. 
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B-K 
Gives Bacteria Control 
On The Farm - In The Factory 


Farm utensils are responsible for the quality of milk or cream deliv- 
ered to the factory--why not pay more attention to their cleanliness? 


Unsterile utensils are the greatest source of bacteria in milk. 


If quality is desired, why not pay more attention to the point that 
has the greatest influence on it? 


The farm utensils get less consideration than factory equipment, 
and yet they are the more important of the two. 


An easy plan for farm utensils is the B-K sterilizing rinse. Just 
add to cold water and rinse pails, cans, strainers, etc., after they 
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Costs but a cent or twoaday. Takes no extra time or labor. 
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—rinse patrons cans. Kills the bacteria that get into your pro- 
duct. Insures real bacteria control. 
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endorsed and recommended by dairy authorities. 


For particulars on any specific problem write us. 


GENERAL LABORATORIES 
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SOME FACTORS CONCERNING THE “PARTIAL NEU- 
TRALIZATION” OF CREAM FOR 
BUTTERMAKING* 


B. A. STIRITZ anv H. A. REUHE 
Department of Dairy Husbandry, University of Illinois, Urbana, J Illinois 


Much of the butter made in creameries today is manufactured 
from cream in which the acid has been reduced by the addition of 
some weak alkali, as lime, soda ash or sodium bicarbonate. The 
purpose of neutralizing is to get the cream in shape for proper 
pasteurization. There is no doubt that the flavor is improved as 
well as the keeping quality where neutralization and pasteuriza- 
tion are used. Uniform butter can be made from day to day by 
controlling the acidity through neutralization and ripening of the 
cream. On the other hand, unless care is exercised, the use of a 
neutralizer may impair the quality of the butter by imparting a 
limy flavor, due to lime particles, or a soapy flavor because of the 
saponification of some of the fats. 

It is not known just when the first neutralizer was used in the 
buttermaking process, but Flint, in 1858, stated that the use of 
soda and water will improve the quality of the butter (1). In 
1901-1902 extensive experiments were carried out by Prof. G. L. 
McKay in which he used various alkalis for reducing the acidity 
of the cream (2) (3). As early as 1905, some creameries were 
using lime in buttermaking on a commercial scale (2). Since 
that time, the practice has spread rapidly. It is used practically 
in every creamery of the centralizer class and many of the smaller 
factories. From time to time, various alkalis were used for the 
reduction of the acid in cream (2) (4), but the general practice 
today is to use lime, soda ash or sodium bicarbonate or a combina- 
tion of two of these. 

In the use of the neutralizer, most plants use a 15 per cent mix- 
ture of lime and water (3) (4) or a 8 to 10 per cent solution of soda 
ash or sodium bicarbonate. To secure the best results in butter- 


* Received for publication May 9, 1925. 
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making, the cream must be pasteurized after it is neutralized, 
except when sweet cream is churned. In the latter, pasteuriza- 
tion is employed but the cream is not neutralized as the acid 
content is low. 

The advantages gained from neutralizing cream are well known. 
It avoids excess fat losses and curd particles in the butter which 
results from the pasteurization of sour cream. To a certain 
extent, it prevents flavors which result from churning sour cream. 
Along with efficient pasteurization, it improves the keeping quali- 
ties of butter made from a high acid cream. 

The object of these experiments was not to compare neutra- 
lized cream with unneutralized cream, but to compare the effect 
of the use of various neutralizers on the quality of the finished 
butter (made from the same cream), the keeping quality of the 
butter, and on the fat losses in the buttermilk. 

Before the main experiments were carried out, many prelimin- 
ary tests were run to determine the factors most favorable to the 
correct neutralization of the cream, such as the strength of the 
neutralizer to use; the time required for the neutralizer to react 
with the acid after it is added to the cream; and the amount of 
the reduction in acidity which takes place during the pasteuriza- 
tion process. 


EXPERIMENTAL WORK 


In every case, the temperature of the cream, when neutralized, 
was between 90° and 100°F. This temperature was used, as the 
authors found (some unpublished results obtained during the 
summer of 1922 with lime) that lower temperatures tend to pro- 
duce a butter with a neutralizer flavor; while 115°F. tends to 
give a scorched flavor to the butter. The temperature of 90° 
to 100°F. gave the best flavored butter. 

In each pasteurization, the cream was heated to 160°F., held 
fifteen minutes, and then cooled as rapidly as possible. 


Strength of the neutralizer 


The neutralizers used in the preliminary work were slaked lime, 
Lehigh Lime, soda ash and sodium bicarbonate. The Lehigh 
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Lime was used because it is a true representative example of 
relatively pure calcium lime as sold to creameries for neutraliz- 
ing purposes. The strengths of the Lehigh Lime used were 10 
15, and 25 per cent, those of the soda ash and sodium bicar- 
bonate were 5, 10 and 20 per cent. 

The lime mixtures were prepared as follows: for the 10 per cent 
Lehigh Lime mixture, 100 grams of lime were weighed and this 
amount was added to 900 cc. of hot water. For the 15 and 25 
per cent mixtures, the same procedure was followed except that 
150 and 250 grams were put in 850 and 750 cc. of hot water 
respectively. 

In the case of the 10 per cent slaked lime mixture, 100 grams of 
rock lime were weighed, and to this, 500 cc. of boiling water were 
added. The lime was allowed to slake and then it was diluted 
with 400 cc. of water. In preparing the 15 and 25 per cent mix- 
tures, the same procedure was followed. One hundred and fifty 
and 250 grams of rock lime were placed in separate jars. To 
the former, approximately 400 cc. of boiling water were added; 
to the latter, 300 cc. of boiling water. After the lime was slaked, 
each mixture was diluted with 450 cc. of water. 

In using lime, an attempt was made to secure as fine a suspen- 
sion of the lime particles as possible by shaking and by using hot 
water, so that the danger of large particles of lime showing up in 
the butter was minimized. 

The soda ash and the sodium bicarbonate are both fairly soluble 
in water. In preparing the 5, 10, and 20 per cent solutions of these 
neutralizers, 50, 100 and 200 grams of each were weighed and 
placed in separate jars. To these, 950, 900 and 800 cc. of warm 
water were added in the order named. 

Two sets of churnings were made with each strength neutralizer 
and the same cream was used to complete each set with the vari- 
ous strength neutralizers. The cream was divided into four 
equal lots of 2000 grams each. The acidity of each lot was deter- 
mined as follows: A 17.6 cc. pipette was used to transfer 17.5 
ce. of the cream to a white cup. The pipette was then rinsed 
with distilled water and the rinsings placed in the cup with the 
cream. Three to five drops of phenolphthalein solution were 
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used as an indicator. The acid in the cream was then titrated 
with a tenth normal sodium hydroxide solution from a 50 cc. 
burette until a faint pink color appeared and remained for at 
least thirty seconds. The amount of the alkali used was then 
read from the burette and the total acidity in the cream was cal- 
culated as lactic acid. 

One lot was neutralized with the stronger neutralizer; the 
second with the medium strength; the third with the weaker 
solution; and the fourth was not neutralized but was used as a 
check churning. In each case, except the last, the acidity was 
reduced to approximately the same point or near 0.2 per cent acid. 
In this series of experiments, the cream was not pasteurized. It 
was held in individual jars in a room at 35°F. for fifteen to eight- 
een hours. The cream was then warmed to 54°F., and churned 
in a glass dasher churn until the butter granules were about the 
size of wheat grains. The time of churning was noted in each 
ease. The buttermilk was drained through two thicknesses of 
cheese cloth to prevent the larger butter granules from getting 
into the buttermilk. A sample was saved in each case. Each 
lot of butter was then washed with 3 gallon of water at 58°F. 
No salt was added. The butter was then worked with wooden 
ladles and placed in storage at 35°F. The next day these lots of 
butter were scored mainly for quality because the main object 
was to see the effect of the various strength neutralizers on the 
flavor of the butter. 

The buttermilk was tested by the normal butyl alcohol method. 
Tracy and Overman (5) found this test checked very close with 
the Roese-Gottlieb method of the determination of fat. This 
test is as follows: A double neck skimmilk bottle, as used in the 
Babcock Test, was used. Two cubic centimeters of normal butyl 
alcohol were pipetted into each bottle. Eight and eight-tenths 
cubie centimeters of a well mixed sample of buttermilk were 
placed in each bottle from a 8.8 cc. pipette. Nine cubic centi- 
meters of sulphuric acid (specific gravity 1.82 to 1.83) were 
added and mixed with the milk by rotating the bottle. When 
the color of the mixture had turned to a dark brown, the bottle 
was centrifuged for five minutes. Then warm distilled water was 
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added up to the base of the neck of the bottle; the bottle was 
centrifuged two minutes; warm water was added until the fat 
column rose in the capillary neck of the bottle; the bottle was 
centrifuged one minute; and then the fat column was read with 
the aid of a pair of dividers. The reading which was obtained 
was multiplied by two as a 9 gram sample of buttermilk was used 
in an 18 gram test bottle. 
The results which were obtained are found in table 1. 


Time for the neutralizer to react with the acid in the cream 


To determine the time which is necessary for the complete 
reaction of the neutralizer upon the acid in the cream, the follow- 
ing experiments were carried out. The neutralizers used were: 
5 per cent soda ash; 5 per cent sodium bicarbonate; 10 per cent 
Lehigh Lime; 10 per cent slaked lime; 10 per cent Peerless Lime; 
10 per cent Milk of Magnesia (Allwood); 10 per cent Kelly Island 
Lime, a mixture made by mixing equal parts of a 5 per cent soda 
ash solution and a 10 per cent Lehigh Lime mixture before adding 
it to the cream; and a mixture of equal parts of a 5 per cent sodium 
bicarbonate solution and a 10 per cent Lehigh Lime mixture 
before adding it to the cream. The method used in preparing 
the slaked lime, Lehigh Lime, soda ash and sodium bicarbonate 
has been outlined. The other limes were prepared in the same 
way as was the Lehigh Lime. 

The following chemical analyses of the various neutralizers were 
either furnished by the manufacturers or made by the Chemistry 
Department, University of Illinois. 

The soda ash was “C.P.”’ sodium carbonate crystals and the 
sodium bicarbonate was ‘“C.P.”’ crystals as manufactured 
and sold by Powers-Weightman-Rosengarten Company of 
Philadelphia. 

The slaked lime was prepared from pure calcium oxide with the 
following maximum limit of impurities: 


per cent 


| 


464 B. A. STIRITZ AND H. A. REUHE 


The Lehigh Lime contains: 


per cent 

As listed: 
The Peerless Neutralizer Lime contains: 

per cent 

The Kelly Island Lime contains: 

per cent 


The Milk of Magnesia (Allwood Laboratories) Lime contains: 


per cent 
0.14 


Six deteminations were made with each neutralizer. One 
thousand grams of cream were placed in the inner vessel of a 
double boiler. The outer vessel was filled with water and heated 
over a gas flame. When the temperature of the cream reached 
100°F. the inner vessel containing the cream was removed and 
placed in a water bath which had a temperature of 100°F. The 
acidity was determined with tenth normal sodium hydroxide 
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and calculated as lactic acid. The neutralizer was added to the 
cream during the thorough agitation with a large spoon. The 
acidity was determined after one minute, two minutes, four 
minutes, five minutes, ten minutes, fifteen minutes, twenty 
minutes and twenty-five minutes. The results which were 
obtained are found in table 2. 


Reduction in acidity due to the pasteurization process 


Every creameryman has experienced some reduction in the 
acidity of cream during the pasteurization process. Experi- 
ments were made to determine the reduction of acidity during 
pasteurization. All neutralizers used in the preceding set of 
experiments were used. 

Each experiment was carried on as follows: One thousand 
grams of cream were placed in the inner vessel of a double boiler 
and neutralized at 100°F. to approximately 0.2 per cent acid. 
The cream was held at this temperature long enough for the com- 
plete reaction of the alkali and acid. Fifteen minutes after the 
neutralizer was added, the amount of acidity was determined 
with tenth normal sodium hydroxide, the acidity being calcu- 
lated as lactic acid. The cream was then heated to 160°F. in 
the double boiler, held at this temperature for fifteen minutes and 
then cooled with water to approximately 100°F. The acidity 
was again determined and the difference in acidities, before and 
after pasteurization, was taken as the reduction due to pasteuriza- 
tion. The results are shown in table 3. 


Effect of various neutralizers on the quality of the butter, storage 
properties and fat losses in the buttermilk 


After the preliminary tests to determine the best strength of 
each neutralizer to use and also the amount of the reduction in 
acidity to expect during the pasteurization process, larger churn- 
ings were made to determine the effects of the various neutralizers 
on the quality of the butter and on the fat losses in the buttermilk. 
The neutralizers which were used were 5 per cent solutions of 
soda ash and sodium bicarbonate and 10 per cent mixtures of the 
following limes: slaked lime; Lehigh Lime; Milk of Magnesia 
(Allwood); Kelly Island Lime and Peerless Lime. These were 
used alone and also in various combinations. 
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Each of these churnings was made with 50 pounds of cream. 
The churns used were Victor Juniors, number one, with two roll 
internal workers, each having a capacity of 30 pounds of finished 
butter. Both churns were operated from the same line shaft and 
had the same speed. 

The cream used was of average quality as received at a large 
commercial plant. Sufficient cream was taken for all churnings 
in each series. The cream was placed in a 30 gallon, double 
jacketed starter can and the temperature was raised to 100°F. 
A sample was taken and tested for butterfat by the ordinary 
Babcock test for cream. The acidity was determined as lactic 
acid with a tenth normal alkali solution. 

Lots of cream weighing exactly 50 pounds were placed in 10 
gallon milk cans. These cans were placed in a large water tank 
and surrounded by water having a temperature of 100°F. Then 
each lot was neutralized with a specific neutralizer to approxi- 
mately 0.20 per cent acid. The cream was agitated thoroughly 
with a stirring rod as the neutralizer was added. Fifteen minutes 
after the addition of the neutralizer, the acidity was again deter- 
mined. If it was not at approximately 0.2 per cent acid, a suffici- 
ent amount of the neutralizer was added to lower the acidity to 
the desired amount. The water surrounding the 10 gallon 
milk cans was then heated to about 180°F. by using live steam. 
The cream in each can was stirred occasionally with a metal 
stirring rod and the temperature was watched carefully. When 
the temperature of the cream reached 160°F., the water which 
surrounded the cans was cooled to the same degree. The cream 
was allowed to remain at this temperature for fifteen minutes. 
The hot water was drawn off and the cans surrounded with water 
at approximately 68°F. (temperature of the tap water in the 
creamery). The cream was allowed to remain in this water 
with occasional stirring until the temperature was lowered to near 
75°F. No starter was used. Each lot of cream was then placed 
in a cold room (35°F .) and held for twelve to fifteen hours. After 
this period of holding, two cans were removed at a time placed 
in warm water, and the cream heated to 54°F., the churning 
temperature in each case. It was held at this temperature for 
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thirty minutes previous to churning. Each’ lot was tested for 
acidity and poured through a strainer into a Victor Junior, num- 
ber one churn. No color was added. The cream was churned 
until the butter granules were the size of wheat grains. The exact 
time of churning was taken. The butttemilk was drained off 
and a sample taken for a fat test. The butter was washed by 
adding 50 pounds of water and revolving the churn in high gear 
for ten revolutions. In each case, the temperature of the wash 
water was the same as that of the buttermilk when it was drawn 
from the churn. The wash water was drawn off and the butter 
was salted at the rate of two-thirds ounce of salt to each pound 
of butterfat in the cream as calculated from the weight and test 
of the cream. The dry salt method was used. The butter was 
worked by revolving the churn in low gear with the workers in 
operation for twenty-four revolutions. Four 1 pound samples 
were taken from each churning and placed in the storage room at 
a temperature of 35°F. One sample was scored the next day and 
the other three, at intervals of thirty days (thirty, sixty and ninety 
days). 

The sample of buttermilk from each churning was tested by 
the normal buty] alcohol method, as previously outlined. 

Each lot of cream in a series of churnings was handled exactly 
the same in every respect. They were weighed, neutralized, pas- 
teurized, cooled and held asa unit. Two lots were warmed to the 
churning temperature and churned at the same time in similar 
churns which were driven by the same line shaft and motor. 

The cream was stirred thoroughly as it was neutralized, heated 
and cooled but care was exercised not to cause mealiness in the 
finished butter by too violent agitation. In each case, the neu- 
tralizer solution was shaken well before it was used. When lime 
solutions were used, the mixture was allowed to stand for a few 
seconds after being mixed to allow any large particles to settle 
to the bottom before taking any out for use. This would tend to 
eliminate a limy flavor in the butter due to the presence of lime 
particles. 

The results which were obtained with the various churnings 
are found in tables 1 to 6. 
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‘ DISCUSSION OF RESULTS 
Various strengths of neutralizers and the quality of the butter 


The effect of the various strengths of neutralizers on the 
quality of the finished butter is found in table 1. The general 
practice in creameries is to use an 8 or 10 per cent solution of soda 
ash or sodium bicarbonate and a 15 per cent suspension of lime 
in water. The latter is made usually by adding 85 pounds of hot 
or boiling water to 15 pounds of the lime or in this proportion if a 
larger amount is desired. The results show clearly that the better 
quality of butter results from using the weaker solutions. In 
each case, the cream which was neutralized with the weaker solu- 
tions gave a bettter quality of butter than the check or unneutra- 
lized churning. This cannot be said of the churnings which were 
neutralized with the stronger solutions because of the decided 
neutralizer or soapy flavor which resulted in the finished butter. 

In considering the scores of the butter from each churning, the 
5 per cent solution of soda ash or sodium bicarbonate resulted in 
a finished quality of 1.5 to 4 per cent better than did the 10 per 
cent solution, while it was 8 to 9 per cent better than the 20 per 
cent solution. Practically the same thing can be said when using 
lime. The 10 per cent suspension gave a finished quality of 1 
to 2 per cent better than the 15 per cent mixture and 2 to 9 per 
cent better than the 25 per cent mixture. 


Various strengths of neutralizers and the loss of fat in the 
buttermilk 

Table 1 shows the effect of the various strengths of neutralizers 
on the loss of the butterfat in the buttermilk. The weaker 
strength of each neutralizer resulted in the lower fat losses. This 
is true in each case except the sodium bicarbonate. This excep- 
tion gave practically no difference between the 5 and 10 per cent 
solutions. The stronger solutions resulted in the per cent of 
butterfat in the buttermilk increasing from 0.60 and 0.79 to 0.81 
and 0.94 per cent. The soluble neutralizers do not act the 
same as do the limes. The addition of the weaker lime mixtures 
resulted in a lower fat loss'as compared with the check or unneu- 
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tralized churning; while the soluble neutralizers resulted in a 
higher far loss (even with the weaker solutions) than did the check 
churning. 

The results given in table 1 show that the use of the weaker 
neutralizers had two advantages; a better quality butter, and a 
more complete churning. Both of these factors are vital in the 
operation of a creamery. 

TABLE 1 


Effect of the various strength neutralizers on the quality of the butter and on the 
butterfat lost in the buttermilk 


PER CENT OF 
NEUTRALIZER USED STRENGTH 
per cent per cent 
Check 84 0.62 
5 100 0.65 
20 92 0.87 
| Check 90 0.58 
5 100 0.79 
Sodium bicarbonate..................... 10 99 0.77 
20 91 0.94 
Check 95 0.82 
25 91 0.81 
Check 93 0.74 
10 100 0.67 
15 99 0.74 
25 98 0.90 


* The relative score is given on a percentage basis. The best butter was given 
a factor of 100; the others as percentages of the best. Each figure represents the 
average of two or three churnings. 


The reaction of the neutralizer and the acid which is present in the 
cream 


Table 2 shows the rapidity with which the various neutralizers 
react with the acid in the cream and the time which must lapse to 
insure a complete reaction. To discuss properly the data and 
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that which follows, it is well to group the various neutralizers into 
different classes, since some of them act practically the same. As 
the soda ash and the sodium bicarbonate are soluble in water, they 
will be called the soluble neutralizers. The Lehigh Lime, the 
Peerless Lime and the slaked lime are composed mainly of cal- 
cium hydroxide and these will be known as the calcium limes. 
The Milk of Magnesia (Allwood) Lime and the Kelly Island Lime 


TABLE 2* 
The rapidity with which the various neutralizers react with the cream prior to 
pasteurization 
PER CENT ACIDITY AT VARIOUS TIMES 8 a 
—| 
| age 
eat! cent| cent| cent | cent | cent | cont | cent | cent \™minutes 
0. 63/0. 30)0. 24/0. 200. 18/0. 18/0. 18)0.18)0.18} 5 
Time... 0. 63/0. 36/0. 30/0 20/0. 18:0. 18/0 18}0.18}0.18) 5 
0. 60/0. 33/0. 28/0 22/0. 19/0. 18/0 15}0.15)0.15) 15 
Kelly Island Lime........ . 0.58)/0.35)0 2610. 2210. 19/0. 1710 17/0.17/0.17| 10 
0.710. 24/0. 24/0. 24:0. 24/0. 24/0. 24/0. 24/0. 24 1 
Sodium bicarbonate............. 0. 64/0. 32/0. 28/0. 28/0. 28/0. 28/0. 28/0. 2 
50-50 mixture Lehigh Lime and 
0. 62/0. 30/0. 25/0. 22)0. 22/0. 22/0. 22/0 4 
50-50 mixture Lehigh Lime and 
sodium bicarbonate.......... 0.64/0.32)0 290 27|0.27|0.27/0. 27/0 27/0 27; +4 


* The table gives the averages of six determinations for each neutralizer. 


contains much more magnesium hydrate than the calcium limes 
so they will be known as the magnesium limes. The other group 
will be known as the mixed neutralizers because they are com- 
posed of equal parts of al0 per cent solution of Lehigh Lime and a 
5 per cent solution of either soda ash or sodium bicarbonate. 
The soluble neutralizers react almost immediately with the acid 
in the cream. If the neutralizer and the cream are agitated well 
at the time of mixing, it is safe to check the acidity of the cream in 
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four minutes (this allows a safety factor of two minutes) and thus 
be certain that there will be no further reduction in the acidity 
prior to pasteurization. 

All the lime neutralizers react slower in reducing the acidity 
because they are not completely soluble. No two classes of lime 
neutralizers react exactly alike. The calcium limes react com- 
pletely in four to five minutes. If the cream is agitated 
thoroughly as the calcium limes are added, one can be sure that 
the reaction is complete in seven minutes (which includes two 
minutes as a safety factor) and there will be no further decrease 
in the acidity of the cream before pasteurization. 

The magnesium limes react slower than do the calcium limes. 
This can be explained by the fact that magnesium hydroxide is 
much less soluble than calcium hydroxide. It is well to wait 
seventeen minutes after adding the magnesium lime before 
checking the acidity of the cream. This allows a safety factor of 
two minutes to insure a complete reaction. 

The data in table 2 show the rapidity of the reaction for each 
neutralizer. The calcium limes react rapidly the first minute 
and then slower until the complete reaction takes place in four or 
five minutes. The magnesium limes react with practically the 
same speed as the calcium limes for the first five minutes and 
then much slower until the reaction is completed in ten to fifteen 
minutes. This slowing down is due probably to the complete 
reaction of the calcium hydroxide after five minutes which leaves 
the less soluble magnesium hydroxide to react with the acid in 
the cream. 

The mixed neutralizers react very similar to the calcium limes. 
Six minutes should elapse between the addition of the neutralizer 
to the cream and the time when the acidity is again determined. 
It will be noted that the acid reduction is very rapid at first 
because the soluble neutralizer present reacts immediately, but 
it takes time for the reaction between the lime and the acid. 

The time required for a complete reaction between the neutra- 
lizer and the acid in the cream (provided the two are agitated 
thoroughly) is found in table 2. The average time for all of the 
neutralizers to react is five and one-half minutes. All of the 
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classes of neutralizers complete the reaction in five minutes or less 
except the magnesium limes; these require ten to fifteen minutes. 


The reduction in acidity during the pasteurization process 
The reduction in acidity which takes place during the pasteuri- 
zation process is given for each neutralizer in table 3. During 


this process as well as previous to it, the neutralizers in each group 
act similarly. 


TABLE 3* 
Reduction in acidity during the pasteurization process 
TIME HELD 

NEUTRALIZER USED AND BEFORE yey 

CENT ACIDITY 

minutes per cent 

50-50 Mixture Lehigh Lime and sodaash............... 15 0.027 
50-50 mixture Lehigh Lime and sodium bicarbonate. . 15 0.047 


* This table gives the average of six determinations for each neutralizer. 


Most creamery operators depend on some reduction in acidity 
during pasteurization. Opinions vary as to the amount of this 
reduction. Some claim that a reduction of only 0.05 per cent is 
obtained; others state that there is at least a reduction of 0.1 
per cent. As a matter of fact, this will be governed by several 
factors: first, by the neutralizer used; second, whether or not the 
time allowed between the addition of the neutralizer and the 
checking of the acidity is long enough; third, the thoroughness 
of mixing the neutralizer and the cream; and last, the care with 
which the neutralizing solution is prepared. If the cream and 
neutralizer are not mixed thoroughly, the reduction in acidity 
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may not be complete in the time allowed for the reaction, and it 
will be completed during pasteurization. Thus a greater decrease 
is shown during pasteurization than would have been the case if 
the neutralizer and cream had been mixed properly. If the 
neutralizing solution is not properly prepared and the particles of 
lime are large, it will take longer for a complete reaction between 
the lime and the acid in the cream. A fine suspension of lime is 
most desirable. 

The reaction of the calcium limes was complete before pasteuri- 
zation, since the data show a reduction in acidity during pas- 
teurization of only 0.02 to 0.03 per cent. This reduction may 
have been due, not so much to completing the action of the lime 
on the acid, as to the driving off of volatile substances such as 
carbon dioxide. 

The reduction when the magnesium limes were used varied 
between 0.05 and 0.055 per cent. Possibly, the large reduction 
was due to the fact that the reaction between the lime and the 
acid which was brought about more completely by the increased 
heat. It may have been partially due, also, to the driving off of 
volatile substances. 

The soluble neutralizers gave the largest reduction during 
pasteurization. It varies between 0.065 and 0.075 per cent. 
When these neutralizers were added to cream, carbon dioxide 
was liberated, and in sufficient quantities to cause the cream to 
foam. The foaminess was more pronounced with sodium bicar- 
bonate than it was with soda ash. Carbon dioxide is soluble in 
water but rather unstable and is quickly driven off by heat. 
This accounts for the reduction during pasteurization rather than 
a further reaction between the neutralizer and the acid in the 
cream. 

The mixed neutralizers reacted as sort of averages between 
calcium limes and the soluble class. Such reactions might be 
expected as they contained equal parts of both Lehigh Lime and 
the soluble neutralizers. There is more reduction than with lime 
alone and less than with the soluble class. The reduction varies 
from 0.025 and 0.047 per cent acidity. 

The average reduction for all neutralizers was 0.045 per cent. 
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The calcium limes and the mixed limes gave a reduction less than 
the average: the soluble neutralizers and the magnesium limes 
more than the average. 

The reduction during the pasteurization process in commercial 
practice coincides with the work reported above and which was 
carried out on a small experimental scale. The following figures 
bear out this evidence. Five equal lots of the same cream were 
neutralized with Lehigh Lime, Peerless Lime, Slaked Lime, Kelly 
Island Lime and Allwood Lime. They were pasteurized at 160°F. 
for fifteen minutes. The acidities prior to pasteurization and 
after the cream had been held at 100°F. for fifteen minutes with 
the added neutralizer were: 0.20, 0.21,0.19, 0.20, and 0.19 per cent, 
respectively. The acidities after pasteurization were: 0.17, 0.18, 
0.16, 0.16, and 0.15 per cent. The reductions were: 0.03, 0.03, 
and 0.03, 0.04, and 0.04 per cent, respectively. These figures 
verify the results obtained in the smaller experiments. (The 
first three are calcium limes and the other two are magnesium 
limes. ) 


The relation of the various neutralizers to the butterfat lost in the 
buttermilk 

Tables 4 and 5 gives the results of the various neutralizers on 
the butterfat lost in the buttermilk. The neutralizers are 
grouped as individual neutralizers, similar neutralizers, and in 
the various combinations. 

Whenever soda ash was used, either by itself or with Lehigh 
Lime, the test of buttermilk was the highest. In table 4, the 
average for all individual neutralizers was 0.701 per cent butter- 
fat. The soda ash gave results from 0.086 to 0.134 per cent above 
this average. This is to be expected for soda ash tends to 
saponify the fat and also stabilize an emulsion. Either of these 
factors would account for a higher fat loss in the buttermilk. 

Sodium bicarbonate did not give the same results as soda ash. 
The fat losses were below the average for all individual neu- 
tralizers except in one case. When Lehigh Lime and sodium 
bicarbonate were mixed before they were added to the cream the 
fat loss was greater than when they were used separately; yet it 
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was only slightly above the average for all or 0.011 per cent for 
five determinations. Excess fat losses did not result from the use 
of sodium bicarbonate as was the case when soda ash was used. 


TABLE 4 
The relation of the various neutralizers to the butterfat lost in the buttermilk and the 
time to churn 


TEST OF THE 
aciprrr| aciorry} | 
INGS MILK MINUTES 
CHURNINGS 
33 | Average of all combined..... 0.54 | 0.22 | 0.701 0.000 | 16.0 
The individual neutralizers 
2 | Kelly Island Lime 0.54 | 0.22 0.620 | —0.081 | 16.5 
2 | Slaked lime 0.54 | 0.21 0.650 | —0.051 | 15.5 
2 | Allwood Lime 0.54 | 0.22 0.595 | —0.106 | 15.5 
2 | Peerless Lime 0.54 | 0.225 0.580} —0.121 | 16.0 
5 | Lehigh Lime 0.50 | 0.24 0.638 | —0.063 | 17.2 
3 | Soda ash 0.47 | 0.21 0.787 | +0.086 | 16.5 
3 | Sodium bicarbonate 0.47 | 0.21 0.680 | —0.021 | 17.5 
5 | 50-50 mixture Lehigh Lime | 0.55 | 0.22 0.794 | +0.093 | 16.1 
and soda ash 
5 | 50-50 mixture Lehigh Lime | 0.55 | 0.22 0.712 | +0.011 | 16.2 
and sodium bicarbonate 
2 | Lehigh Lime to 0.4 per cent | 0.65 | 0.20 | 0.835 | +0.134| 15.0 
and soda ash to 0.2 per cent 
acidity 
2 | Lehigh Lime to 0.4 per cent | 0.65 | 0.20 0.630 | —0.071 | 14.5 
and sodium bicarbonate to 
0.2 per cent acidity 
Similar neutralizers 
6 | Soluble 0.47 | 0.21 0.733 | +0.032 | 17.0 
14 | Mixed 0.58 | 0.215] 0.748 | +0.047)| 15.1 
9 | Calcium limes 0.52 | 0.22 0.649 | —0.052 | 16.6 
4 | Magnesium limes 0.55 | 0.22 0.607 | —0.094.; 15.7 


The use of soda ash resulted in the highest fat losses, thesodium 
bicarbonate was about the average and the other extreme was 
obtained when limes were used. In each case, the limes were 
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TABLE 5 


iP The relation of the various neutralizers to the butterfat lost in the buttermilk and the 
time to churn 


Various combinations 


OF THE ABOVE OR | TIME TO 
NEUTRALIZER CREAM CREAM BUTTER- |BELOW THE| CHURN 


INGs MILK AVERAGE 


FOR ALL 
CHURNINGS 

minutes 

2 | Kelly Island Lime 0.54 | 0.22 0.620 | —0.110 | 16.5 

2 | Lehigh Lime 0.54 | 0.23 0.615 | —0.115 | 16.5 
2 | Allwood Lime 0.54 | 0.22 0.595 | —0.135 | 15.0 © 

2 | Peerless Lime 0.54 | 0.225| 0.580 | —0.150/| 16.0 

2 | Slaked lime 0.54 | 0.21 0.650 | —0.080 | 15.5 

} 2 | 50-50 mixture Lehigh Lime | 0.475 | 0.22 | 0.785 | +0.055| 16.0 

and soda ash 


2 | 50-50 mixture Lehigh Lime | 0.475 | 0.215 | 0.840 | +0.110/| 16.5 
and sodium bicarbonate 


2 | Lehigh Lime 0.475 | 0.21 | 0.730} 0.000] 18.5 
2 | Soda ash 0.475 | 0.20 | 0.890 | +0.160| 17.5 
| 2 | Sodium bicarbonate 0.475 | 0.215 | 0.760 | +0.030| 18.5 
: 2 | Lehigh Lime 0.54 | 0.23 | 0.615| —0.115| 16.5 
2 | Peerless Lime 0.54 | 0.225| 0.580 | —0.150| 16.0 
; 2 | Slaked lime 0.54 | 0.21 | 0.650| —0.080| 15.5 
3 | Lehigh Lime 0.47 | 0.21 | 0.653 | —0.077| 17.6 
| 3 | Soda ash 0.47 | 0.21 | 0.786] +0.056| 16.5 
3 | Sodium bicarbonate 0.47 | 0.21 | 0.680 | —0.050| 17.5 
: 2 | Allwood Lime 0.54 | 0.22 | 0.595 | —0.135| 15.0 ‘ 
2 | Kelly Island Lime 0.54 | 0.22 | 0.620| -0.110| 16.5 


2 | 50-50 mixture Lehigh Lime | 0.65 | 0.22 0.625 | —0.105 |} 15.5 
and sodium bicarbonate 
2 | To 0.4 per cent with Lehigh | 0.65 | 0.20 0.630 | —0.100 | 14.5 
Lime to 0.2 per cent with 
sodium bicarbonate 

4 | 50-50 mixture Lehigh Lime | 0.52 | 0.20 0.973 | +0.243 | 16.4 
and soda ash 
4 | 50-50 mixture Lehigh Lime | 0.52 | 0.20 0.973 | +0.243 | 16.2 
i and sodium bicarbonate 


i? 
| | Loa 
BUTTER- 
NUM- | ACIDITY | TEST | MILK 
7 BER OF 
CHURN- 
| 
| 
| 
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TABLE 5—Continued 
TEST OF THE 
BUTTER- 
| ortan| TS? | MILK 
BER OF OF THE | ABOVE OR | TIME TO 
CHURN- BUTTER- |BELOW THE| CHURN 
INGS MILK | AVERAGE 


FOR ALL 
CHURNINGS 


2 | To 0.4 per cent with Lehigh | 0.65 | 0.205 | 0.835 | +0.105 | 19.0 
Lime to 0.2 per cent with 
soda ash 
2 | To 0.4 per cent with Lehigh | 0.65 | 0.20 | 0.630] —0.100| 18.5 
Lime to 0.2 per cent with 
sodium bicarbonate 
2 | 50-50 mixture Lehigh Lime | 0.65 | 0.225 0.840 +0.110} 15.0 
and soda ash 
2 | To 0.4 per cent with Lehigh | 0.65 | 0.19 0.835 | +0.105 | 14.0 
lime to 0.2 per cent with 
soda ash 


59 | Average for all 0.539 | 0.212 | 0.730 0.000 | 16.4 


below the average for all or 0.701 per cent. They varied from 
0.051 to 0.121 per cent below. 

The same general results are found when the groups of neutral- 
izers are considered. The limes were below the average and the 
mixed and soluble groups were above. The mixed and soluble 
groups contained both soda ash and sodium bicarbonate. 

Table 5 gives results which are comparable to those given in 
table 4. 

The timeto churn is not greatly affected by any one neutralizer. 


Relation of the various neutralizers on the score of the fresh butter 
and on its keeping quality during storage 


The score of the fresh butter made with each neutralizer and 
the change in score during storage periods of thirty days, sixty 
days and ninety days are found in table 6. 

In this table, the various neutralizers are grouped under lot 
numbers. Each churning in a lot was made from the same cream 
and under identical conditions except for the neutralizer. 
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The table is divided into five series. Each one contains the 
results secured with certain groups of neutralizers in the same 
cream. They are arranged so that comparisons are interchange- 
able between series, for a certain neutralizer is found in more than 
one. 

Since one cream may produce a better quality butter than 
another, even though they both may appear to be similar as 
determined by taste and smell, the cream used in this series of 
determinations was selected so as to minimize this condition. 
The cream was taken from that received at a large commercial 
creamery, and was of fairly good quality. The acidity varied 
from 0.47 to 0.65 per cent and the butterfat from 29 to 34 per 
cent. The acidity was reduced to approximately 0.2 per cent 
and no starter was added. 

The results show that there was very little advantage gained 
as far as the quality of the fresh butter was concerned by the use 
of one neutralizer over the other when each was used by itself. 
But when a combination was used, either together or separately, 
the score of the fresh butter was not as high as when a single 
neutralizer was used. On the other hand, when the acidity was 
reduced to 0.4 per cent with lime and then to 0.2 per cent with 
soda ash or sodium bicarbonate, the quality of the fresh butter 
was better than when the two were mixed before they were added 
to the cream. 

In comparing the use of lime and soda ash or sodium bicar- 
bonate for reducing the acidity of the cream, the same general 
quality of cream was used as with all other neutralizers. Many 
creameries make a practice of using one certain neutralizer except 
for cream which is extremely high in acid, as 0.8 per cent and 
above. In such cases, the acidity is reduced to a given point 
with lime and the balance with a soda ash or a sodium bicar- 
bonate solution. This method does tend to eliminate a limy or 
soapy flavor which would ordinarily occur, if one neutralizer was 
used. 

The limes and soda ash produced fresh butter which was simi- 
lar in quality. The sodium bicarbonate butter scored slightly 
lower than the soda ash ‘or the limes because of a bicarbonate 
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flavor which was detected in the butter whenever it was used. 
The mixtures of lime and the soluble neutralizers resulted in a 
lower score than when only one was used. 

Another interesting fact is brought out in table 6. In each 
series where soda ash and sodium bicarbonate were used in the 
same cream, either separately or with lime, the fresh butter 
made with the former scored higher than that made with 
the latter. It seems impossible to make butter from cream 
neutralized with sodium bicarbonate without securing the 
bicarbonate flavor in the fresh butter. After storage pe- 
riods of thirty, sixty and ninety days, the butter was 
scored again by the same judge. The reduction in score for the 
soda ash was greater than for the sodium bicarbonate in each 
series. In most cases the score of the fresh butter made with 
sodium bicarbonate was a quarter to one point lower than that 
made with soda ash, but after sixty to ninety days, the score was 
the same or above that made with soda ash. This would tend 
to indicate that butter made with soda ash does not retain its 
quality during storage as well as that made with sodium bicar- 
bonate. In each case where rancidity developed during storage, 
soda ash had been used as the neutralizer. Possibly, this can be 
explained in that soda ash is a stronger alkali and causes a more 
rapid chemical breakdown of the butterfat. More data are 
necessary before positive conclusions can be drawn stating that 
butter made with soda ash as a neutralizer, will not store as well 
as that made with sodium bicarbonate. 

The neutralizers did not have any effect on the body of the 
butter except in one series. In lot 1, mottles were noticed where 
Kelly Island Lime and Allwood Lime had been used. The cause 
was not determined, although this condition was not noticeable 
until after ninety days storage. 

The butter made with a combination (lots 12, 13, 14, 15, 19 
and 20) of neutralizers was not scored after sixty days as they 
were discarded because the scores had dropped to 85 or below. 
The others were held for ninety days. 

In comparing the various limes, it can not be said that one has 
an advantage over the other as far as score is concerned. Series 
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A shows that the fresh butter for each lot was the same. In 
thirty and sixty days time all were practically the same except 
the slaked lime, and it was slightly lower and showed a limy flavor. 
Another outstanding fact was that a flat, sweet flavor was noticed 
in each case where a magnesium lime had been used. Although 
this flavor was present, it did not lower materially the score as 
compared with the calcium limes. From the data obtained, it 
can be said that no one lime has an advantage over another if 
each is handled properly. 

In series B experiments, the soluble neutralizers were compared 
with lime. The data show that neither has a decided advantage 
over the other. As far as the fresh butter was concerned, all 
were the same except for the flavor found when sodium bicarbon- 
ate was used, which reduces the score slightly. After storage 
(three lots), no one neutralizer seemed to be best. In one case, 
the lime held up best; in another, the soda ash; and in the third, 
the sodium bicarbonate. 


SUMMARY 


1. A better quality of fresh butter and a more exhaustive churn- 
ing was secured with a 5 per cent solution of soda ash or sodium 
bicarbonate, and a 10 per cent solution of a lime than with a 
stronger solution of these neutralizers. 

2. The time required for a complete reaction between the acid 
in the cream and the neutralizer after its addition, varied with 
the neutralizers. The soluble neutralizers reacted completely 
in two minutes; the calcium limes in five minutes; and the magne- 
sium limes in ten to fifteen minutes. 

3. The reduction in acidity during pasteurization varied with 
the neutralizer. The maximum reduction with the soluble neu- 
tralizers was 0.75 per cent; with the calcium limes, 0.04 per cent; 
and with the magnesium limes, 0.058 per cent. The reduction 
seemed to depend on the solubility of the neutralizer and also 
upon the formation of carbon dioxide gas which was driven off by 
heat. 

4. No definite rule can be formulated as to the effect the 
neutralizers had on the time of churning. 
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5. The use of soda ash increased the fat lost in the buttermilk; 
while the sodium bicarbonate and the limes gave a more exhaus- 
tive churning with the latter more efficient than the former. 

6. No one of the neutralizers tried (lime, soda ash or sodium 
bicarbonate) can be said to produce the best quality of fresh 
butter. The sodium bicarbonate tended to reduce the score 
slightly because of a slight bicarbonate flavor which was always 
present in the butter. 

7. The separate neutralizers gave a higher score butter than 
when two were used together, either separately or mixed before 
they were added to the cream. 

8. When lime and soda ash or sodium bicarbonate were used, 
the best results were gained by using them separately rather than 
mixing them, with the lime used first. 

9. When soda ash entered into the neutralizer, either by itself 
or with lime, the butter was of a higher quality at the start but 
it did not hold up as well in storage as did the butter in which 
sodium bicarbonate was used as a neutralizer, either by itself or 
with lime. 

10. In each case where rancidity developed after storage, soda 
ash had been used as the neutralizer. 

11. No one lime had an advantage over the others, either for 
fresh or storage butter, when all were handled properly. 
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RELATIVE RATES OF SECRETION OF VARIOUS MILK 
CONSTITUENTS* 


W. L. GAINES 
Department of Dairy Husbandry, University of Illinois, Urbana, Illinois 


If we take a unit quantity of natural cow’s milk, that is, the 
entire milk as obtained from the cow during a period of some 
length under normal conditions, we know that it may be separated 
on a chemical basis into several component parts. The con- 
stituents of milk customarily determined by the chemist, are, in 
order of their average magnitude per unit of milk: water, lactose, 
fat, protein and ash. A great many analyses of milk have been 
made on this basis, from various points of interest. The chemist 
has been interested from the standpoint of the composition of the 
milk; the food inspector, from the standpoint of food values, 
abnormalities or adulterations of the milk; and the biologist, 
from the standpoint of the physiological mechanism and require- 
ments of milk secretion. From the latter standpoint the work of 
T. L. Haecker in formulating a feeding standard for dairy cows 
constitutes a notable example. 

Haecker (1) has published the analyses of 543 samples of milk 
and derived certain conclusions from the data particularly with 
reference to the feed requirements for milk production. The 
analyses give the per cent of fat, protein, lactose, ash and dry 
matter. Fat was determined in part gravimetrically and in part 
by the Babcock method; protein, dry matter and ash gravimetri- 
cally; lactose, by difference. Each of the 543 samples represents 
the milk of an individual cow for one week, fourteen milkings. 
The samples were taken at various stages of lactation and under 
various conditions of experimental feeding, reference especially 
to the nutritive ratio of the ration. Fifty-two cows of various 
ages, weights and breeding are represented: ages, two to fourteen 
years; weights, 600 to 1350 pounds; breeding, natives and pure- 


* Received for publication August 20, 1925. 
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breds, grades or cross-breds of the Ayrshire, Brown Swiss, Guern- 
sey, Hereford, Holstein, Jersey and Shorthorn breeds. Alto- 
gether, these analyses constitute a unique and valuable body of 
accurate data on the constituents of cows’ milk and it has seemed 
desirable to study the relations which they show by the usual 
statistical methods. 


CORRELATION BETWEEN THE MILK CONSTITUENTS 


In correlating the percentage values of the several constituents 
class intervals were used as follows: water, 0.5; fat, 0.2; protein, 
0.2; lactose, 0.1; ash, 0.02. The means, standard derivations and 
coefficients of variability are given in table 1. The significance 
of these constants is practically limited to the present data be- 


TABLE 1 
Values of the percentage content of the various constituents of the 543 weekly milk 
yields 

wean | 
3.349+0.014 0.488+0.010 14.57+0.30 


cause of the throwing together of several breeds in very dissimilar 
porportions of the total, as to numbers. The coefficients of 
variability in fat, protein, lactose and ash are about double what 
we should expect to find in any one breed (cf. Yapp (2)). As 
measured by this coefficient water is by far the least variable of 
the five constituents of the milk as determined, while fat is the 
most variable. The standard deviation of the water, however, 
exceeds that of the fat. 

It is possible to compute ten simple correlations between the 
five constituents determined. These are given in table 2 in 
order of the absolute magnitude of the coefficients. It may be 
noted that there is a great difference in the values of the coeffi- 
cients, three of them being remarkably high, while all the others 
are rather low, although statistically significant as judged by the 


| 

| 

| 

| 

| 

| 


488 W. L. GAINES 


probable errors. It may be noted also that the four coefficients 
involving water are all negative while those between the solid 
constituents are all positive except that between lactose and ash. 


TABLE 2 


Correlation between the relative average rates of secretion of the various milk constit- 
uents for the 543 weekly periods 


VALUES CORRELATED ee 
Fat per cent and water per cent.....................00eeeee —0.966 + 0.002 
Protein per cent and water per cent......../..............4- —0.885 + 0.006 
Protein per cent and fat per cent...................eeeeeees +0.812 + 0.010 
Lactose per cent and water per cent......................55. —0.386 + 0.025 
Protein per cent and ash per cent......................00005 +0.325 + 0.026 
Ash per cent and water per cent...................cceeceees —0.264 + 0.027 
Fat per cent and lactose per cent.....................000005 +0.263 + 0.027 
per cont and per cent. +0.232 + 0.027 
Protein per cent and lactose per cent....................... +0.149 + 0.028 
Lactose per cent and ash per cent.......................005: —0.140 + 0.028 


TABLE 3 


Interrelational equations for several milk constituents, derived from the constants of 
Tables 1 and 2 
a = ash per cent; f = fat per cent; 1 = lactose per cent p = protein per cent; 
8 = solids per cent; s-n-f = solids-not-fat per cent; w = water per cent. 
The probable errors are for a single variate. 


BASED ON FAT PER CENT BASED ON PROTEIN PER CENT 


= (0.671 + 0.011f) + 0.032 = (0.613 + 0.033p) + 0.032 
= (1.46 + 0.40f) + 0.19 = (1.66p — 0.83) + 0.39 

= (4.56 + 0.07f) + 0.17 = (4.62 + 0.08p) + 0.17 

= 6.74 + 1.47f = 4.45 + 2.76p 

s-n-f = 6.74 + 0.47f = (95.55 — 2.76p) + 0.48 
w = (93.26 — 1.47f) + 0.27 


THE REGRESSION EQUATIONS 


The regression equations, computed from the constants of 
tables 1 and 2 are given in table 3 with reference to the regression 
of the several constituents on fat percentage and protein per- 
centage. Figures 1 and 2 show graphically the curves of the 
equations and the mean observed values. It is apparent from 
the plotted values that the regressions are substantially linear in 
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all cases, although that for lactose seems to have a slight tendency 
to a concave downward curvature. It seems also that in general 
there is a tendency for the regressions on fat percentage to be 
rather more regular than on protein percentage. 

The equation, p = (1.46 + 0.40f) +0.19 is of particular in- 
terest. Timpe (3) from analyses of milk from 21 cows of various 
breeds derived the relation p = 2 + 0.35f. Andersen and Lang- 
mack (4) from 1080 analyses of the milk of Red Danish cows 
derived the equation p= 1.597 + 0.446f. They have rounded 
this into p= 1.4 + 0.5f, thus increasing the slope or ratio of pro- 
tein change to fat change. From the evidence available it would 
seem that their ratio was already somewhat high as expressing 
the general relation (cf. fig. 3) and might better have been de- 
creased rather than increased. 


RELATIVE RATES OF SECRETION OF VARIOUS CONSTITUENTS 


The records of composition as previously stated, represent for 
any one sample the entire milk produced by an individual cow 
during seven consecutive days. While they give no information 
as to the absolute amount of milk or its several constituents se- 
creted during the period, they do show the relative amounts of the 
several constituents of the milk secreted during the period. If 
any two constituents of milk are intimately related in the mech- 
anism of milk secretion, so that when the rate of secretion of one 
increases the rate of the other increases accordingly then values 
of these two as expressed in percentage composition of the various 
samples of milk will tend to bear to each other a constant ratio. 
Under these conditions the data as above treated would give a 
high positive correlation between any two constituents so related. 
Conversely, a high positive correlation between any two constitu- 
ents indicates that the two are in some manner intimately con- 
nected in the physiological processes of secretion. 

A high negative correlation need not have a similar meaning. 
If we consider the solids and water of milk obviously r,. must 
equal —1. If the secretion of each of the five milk constituents 
we are considering proceeds entirely independently then we should 
expect to find a negative correlation between any two constit- 
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uents. Consequently, the negative correlations do not have the 
same significance as the positive correlations. 

It will be understood, of course, that the chemical distinctions 
made in the series of analyses under discussion are not necessarily 
sufficiently fine to show all of the physiological relations that may 
be susceptible of elucidation through quantitative chemical 
analysis. One of the five constituents represents a single com- 
pound, that is, water. Lactose perhaps represents also a distinct 
compound but as determined, by difference, there is some uncer- 
tainity as to this. The other three represent more or less complex 
mixtures. 

The most significant positive correlation is that between fat 

TABLE 4 


Relation of fat and protein in the milk of several species of mammals—average data 
selected as representative of the normal secretion 


0.36 1.57 | Schlossman (5) 
1.09 1.89 | Vieth (6) 
err 3.82 3.21 | Bosworth and Van Slyke (7) 
4.73 3.35 | Haecker (1) 
Indian buffalo............. 7.41 3.89 | Leather (8) 
aie 10.63 6.31 | Musgrave and Richmond (9) 
Water buffalo.............. 12.46 6.04 | Levine (10) 
22.46 10.30 | Barthel and Bergman (11) 


and protein. The secretion of the materials involved in these two 
catagories must be quite intimately related. Further, this rela- 
tion seems to be a general phenomenon of milk secretion since 
substantially the same relation between the rate of fat secretion 
and protein secretion is found between widely separated species 
of mammals. It is true that a great many analyses of milk of 
various mammals as reported in the literature do not show the 
same relation as shown above for the cow. For the comparison 
under study it is necessary, however, to be somewhat discriminat- 
ing about how well the sample analysed actually represents the 
total amount of milk secreted by a particular individual or group 
of individuals during a certain period. Milk is very subject to 
disturbance in homogeneity with respect to its fat content. The 
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force of gravity or passage of the milk through the fine spaces 
of the gland readily alter the fat concentration in the various 
fractions of the milk. For this reason many fat determinations 
are undoubtedly very misrepresentative of the true activity of the 
mammary gland. If the fat determination is not representative 
the fat-protein ratio is, of course, misleading. Among those 
mammals which are regularly milked as a commercial source of 
milk we may expect to be able to obtain samples which are truly 
representative of the activity of the mammary gland. While 
there are no data for mammals other than the cow comparable 
with that of Haecker in extent and reliability, the analyses sum- 
marized in table 4 seem from the authors’ accounts to be fairly 
representative of the normal secretion. 

The data of table 4 are given graphically in figure 3 together 
with the curve, derived from Haecker’s analyses of milk from 
individual cows. It is certainly very striking that this relation 
between fat and protein should hold so closely in other species 
and through so wide a range of fat percentage—0.36 per cent 
in the ass to 22.46 per cent in the reindeer. It gives greater 
significance to the relation in connection with the general phys- 
iology of milk secretion. 

The high negative correlation between water and fat is to be in- 
terpreted as indicating that the secretion of water and fat are not 
physiologically connected. The same interpretation is to be ap- 
plied to the high negative correlation between water and protein. 
That is, the secretion of water is largely independent of the se- 
cretion of fat or protein, where the general level of activity of the 
gland is constant. 

The same line of reasoning requires the interpretation that the 
secretion of water and the secretion of lactose and ash are inter- 
dependent—otherwise water should show a negative correlation 
of substantially the same magnitude in the case of each of the 
four other constituents. 

A more refined and detailed chemical analysis is required to give 
an acceptable picture of the relations between water, lactose, 
and ash secretion. For, it is apparent from the work of Jackson 
and Rothera (12) that a sufficiently fine distinction in the deter- 
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mination of the ash constituents would show a high negative cor- 
relation between lactose and portions of the ash. The gross dis- 
tinctions of the present analyses can be no more than suggestive 
of fundamental relationships. 


SUMMARY 


Chemical analyses of 543 samples of milk of individual cows of 
various breeds published in Minnesota Bulletin 140 are analysed 
statistically. The results are interpreted physiologically as show- 
ing the relative ratios of secretion of the several constituents at a 
constant level of activity of the mammary gland. The secretion 
of fat and protein appear to be intimately related; r;, = 0.812 + 
0.010. The secretion of water and the secretion of fat or pro- 
tein are largely independent on the basis that entire independence 
would result in a high negative coefficient of correlation; 


Twi = —0.966 + 0.002 and ryp = —0.885 + 0.006 


The equation for protein per cent (p) based on fat per cent (/f) 
isp = (1.46 + 0.40f) + 0.19. This relation appears to hold very 
closely also between several species, covering a range of fat per- 
centage from 0.36 to 22.46. 
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KEEPING QUALITY OF SWEET CREAM BUTTER AS 
AFFECTED BY TEMPERATURE OF PASTEUR- 
IZATION OF THE CREAM 


WILLIAM WHITE anp GEORGE R. CAMPBELL! 
Bureau of Dairying, United States Department of Agriculture, Washington, D. C. 


Butter made from unripened pasteurized sweet cream, com- 
monly termed sweet cream butter, has won the approval of 
manufacturers, dealers, and consumers because of its fine, mild 
flavor, its uniformity, and its superior keeping quality. Butter 
of this type is made largely in creameries where the vat method 
of pasteurization is used. The prevailing temperature is 145°F. 
and the time of heating thirty minutes, though in some plants 
higher temperatures have been used. 

In order to determine the effect of the pasteurizing temper- 
ature on the keeping quality of sweet cream butter, cream was 
pasteurized at the following temperatures and samples of the 
butter were held in storage at about 0°F. for seven and one-half 
to nine months: 


145°F. for 25 minutes 
145°F. for 30 minutes 
150°F. for 30 minutes 
155°F. for 30 minutes 
145° to 165°F. for 30 minutes 


In pasteurizing at 145° to 165°F. for thirty minutes the cream 
was heated in the usual way to 145°F., then heated more slowly 
so that thirty minutes was required to raise the temperature 
to 165°F. It was then cooled as quickly as possible to churning 
temperature. 

One hundred and sixteen churnings were made between May 23 
and August 19, 1924, at two creameries in Minnesota that were 


1 The authors wish to express their appreciation of the assistance in this work 
of A. Kristensen and Frank W. Logan, Navy butter supervisors; O. O. Vaughn, 
operator of the Brownton Coéperative Creamery, Brownton, Minnesota, and 
W. B. Steinhouse, operator of the New Richland Coéperative Creamery, New 
Richland, Minnesota. 
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making butter on a Navy contract. The different pasteurizing 
temperatures were used on different vats of cream; the cream 
was closely graded and the vats of cream were so uniform that 
using split batches was not considered necessary. 

All the samples used were from churnings accepted on the Navy 
contract and all were scored when fresh 95 points on a basis of 
sweet cream butter. 

All samples were packed in 5-pound lacquered tin cans and 
were shipped with other butter in refrigerator freight cars to the 


TABLE 1 
PASTEURIZING TEMPERATURE AVERAGE 
NUMBER OF ACIDITY OF WATER IN SALTIN SCORE 
| | | | | decease | 
Creamery no. 1 
per cent per cent per cent 
145 25 8 0.1810 13.4 2.93 9+ 
145 30 8 0.1808 13.4 2.92 94 
150 30 9 0.1850 13.41 3.01 94 
155 30 11 0.1902 13.33 2.96 Ot 
145-165 30 6 0.1880 13.47 2.96 94 
Creamery no. 2 
145 25 17 0.191 13.38 2.93 92.94 
145 30 12 0.202 13.39 2.97 92.83 
150 30 14 0.195 13.40 2.93 93.00 
155 30 15 0.201 13.36 3.02 93.00 
145-165 30 16 0.181 13.39 3.03 93.06 


Naval Operating Base, Hampton Roads, Virginia, where they 
were immediately placed in cold storage and kept there until 
April 1, 1925. 

After they were out of storage for one day they were scored 
by a commercial judge of recognized ability. 

Table 1 shows the scores of the samples for the different pasteur- 
izing temperatures, also the acidity of the cream and the water 
and salt content of the butter. 

This table shows that the samples of butter from Creamery 
no. 1 after storage were so uniform in quality that they all 
received the same score; at the other creamery the difference 
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in score was so slight that it does not indicate the superiority 
of one group of samples over another. 


SUMMARY 


In the manufacture of 116 churnings of sweet cream butter 
for storage, cream was pasteurized at 145°F. for twenty-five 
minutes, 145°F. for thirty minutes, 155°F. for thirty minutes, 
and 145° to 165°F. for thirty minutes. Samples of the butter 
were stored at O0°F. for seven and one-half to nine months. 
Scores of the butter after storage indicate the keeping quality 
was not influenced by these temperatures of pasteurization of 
the cream. 
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RELATION BETWEEN THE GOLD NUMBER OF 
GELATIN AND ITS VALUE IN THE ICE 
CREAM MIX* 


H. C. MOORE, W. B. COMBS, anp C. D. DAHLE 


Division of Dairy Husbandry, University of Minnesota, St. Paul, Minnesota 


The gold number has been used by chemists for twenty-five 
years as a means of measuring the protective property of colloids, 
but this method has never been applied to the grading of gelatin 
to be used in the manufacture of ice cream. Thomas (6) (1925) 
says, “The gold numbers are useful, however, solely as very 
rough indices of the relative protective powers, because the gold 
number of a given protective colloid depends so largely upon 
many conditions.”’ Elliott and Sheppard (3) (1921) studied the 
gold numbers of seventeen different samples of commercial 
gelatins and concluded from their study that the classification 
made possible by the gold numbers was too rough, and moreover, 
did not bear any simple relation to those properties of chief 
interest to users of gelatins. Their experiments were mainly 
on the factors that affect the gold number determinations and 
they did not study the properties and characteristics of the gelatin. 

Plan of experiment. It is recognized by the authors that the 
gold number is too technical a test to be carried out by the 
practical ice cream maker. It was thought, however, that a 
relation might exist between the gold numbers of the com- 
mercial gelatins and one or more of the other tests that are now 
being used by the ice cream manufacturer. The gold number of 
the gelatins studied was compared with the hydrogen-ion con- 
centration, ash and moisture content, bacterial count, swelling 


* Received for publication July 8, 1925. 

Published with the approval of the Director as paper No. 549, Journal Series, 
Minnesota Agricultural Experiment Station. The data are taken from a thesis 
presented by H. C. Moore in partial fulfillment of the requirements for the degree 
of M. S., University of Minnesota. 
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strength, solubility, gel strength and jelly value. A study was 
made of the effect of each gelatin on the viscosity of the ice 
cream mix, retention of air by the frozen mixes, standing up 
qualities or melting resistance of the finished ice cream, and the 
effect of the gelatins on the flavor and texture of the ice creams 
after hardening. 

Selection of gelatins. Six samples of gelatin were selected for 
this investigation. In selecting the gelatins an effort was made 
to obtain one very high grade and one poor grade gelatin. The 
gelatins were selected on the basis of grade and quality, without 
any consideration of the brand. In this investigation the gela- 
tins will be referred to by the numbers | to 6 inclusive. 

Experimental methods. The gold numbers were determined by 
using the Zsigmondy’s (7) red gold sol, prepared by the formal- 
dehyde method. Two methods were used in determining the 
gold numbers. The one recommended by Elliott and Sheppard 
(3) (1921) and the other recommended by the Division of Bio- 
chemistry of the University of Minnesota. These two methods 
checked within the range of experimental error. Therefore, 
only the average results are reported in this paper. 

The pH of the gelatins was determined on a Leeds-Northrup 
Type K potentiometer using a 0.78 per cent gelatin solution. 
The 0.78 per cent gelatin solution represents the concentration of 
gelatin in the water phase of an ice cream mix containing 36.5 
per cent total solids. The moisture content was determined with 
the Mojonnier Milk Tester. The ash content was determined 
by heating 1 to 2 grams of the gelatin in platinum crucibles, at a 
red heat. The bacterial counts were made by plating a 1:100 
solution of the gelatin on plain agar. The swelling strength 
was determined by adding 5 grams of gelatin to a 100 cc. cylinder 
and adding enough water at 21°C. to make 100 cc. The gelatin 
was stirred for one minute to prevent lumping. After the 
gelatin had soaked for ten minutes the cubic centimeter of 
swelling was observed. The gelatin was then dissolved by plac- 
ing the cylinders in a water bath at 60°C. The gelatin was 
stirred until completely dissolved, and the time in seconds that 
it took the gelatin to dissolve was used as the rate of solubility. 
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The gel strength was determined by the Burke Gelatin 
Standardizer following the method recommended by Burke (1) 
the originator (1923). The jelly value is represented by the 
smallest amount that will gel in an aqueous solution. The 
samples were dissolved and held at 10°C. for thirty minutes 
before the reading was taken. 

The ice cream mixes used in this study were calculated to 
contain 12 per cent fat, 10 per cent serum solids, 14 per cent 
sugar, and from 0.3 to 0.5 per cent gelatin. All of these in- 
gredients, with the exception of the gelatin, were mixed together 
and pasteurized at 63°C. for thirty minutes. The mix was 
cooled to 110°F. and homogenized at 2000 pounds pressure. 
The mix was then divided into seven lots. To six of these lots 
was added one of the gelatins used in this investigation. The 
seventh lot served as the check mix. Each lot was cooled to 20°C. 
at which time the samples were taken for viscosity studies, 
after which the mix was aged 24 hours in the cold room at about 
20°C. 

The viscosity tests were determined by means of a Mac- 
Michael viscosimeter. Standardized wires, standardized in the 
laboratories of the Dairy Division, were used. The 3 cm. disc 
bob of the MacMichael was used, and the results reported in 
MacMichael degrees converted in terms of No. 30 wire. 

The ice cream mixes were frozen in a small batch freezer in 
which it was possible to freeze five different mixes under identical 
conditions. The time of freezing process varied from twelve to 
fifteen minutes for different experiments. The temperature of 
the brine used varied from 11°C. to 12°C. 

The retention of air by the ice cream mixes was measured by 
filling a 100 cc. cylinder with the mix from the freezer. These 
cylinders were placed in a cold room at 2°C. over night and the 
next morning they were placed at room temperature and the 
time noted when the air left the different samples. 

To measure the standing up qualities and the melting resist- 
ance of the ice creams, pint paper cartons were filled with the 
mix when frozen and placed in the hardening room at about 
—18°C. These samples were allowed to harden over night and 
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the next morning they were placed on a wire gauze over a tall 
one liter beaker at room temperature (22°C.). Photographs of 
the ice creams were taken at the end of two and three hours. 

Experiment I. Comparison of gold number to H-ion con- 
centration and various common tests used in selecting gelatin 
for ice cream manufacture. In recent years the ice cream manu- 
facturer has selected gelatin by means of moisture and ash con- 
tent, bacterial count, solubility, gel strength, and jelly value. 
The present day manufacturer is giving more attention to gel 
strength and bacterial count. The object of this experiment was 
to make a comparison of the gold number of the H-ion concen- 
tration and various common tests used in selecting gelatin. 
The data are presented in table 1. 

TABLE 1 


Relation of gold number to H-ion concentration and to common tests used in selecting 
gelatin by the ice cream manufacturer 


pH 
SAMPLE | GOLD aan MOIS- BAC- | SWELI- | sOLU- JELLY 
NUMBER | NUMBER | (oo arin TURE | TERIA ING BILITY BURKE | VALUE 
METHOD 
SOLUTION 

per cent | per cent | pergram ce, seconds per cent 

1 0.0048) 5.647 | 1.829 | 13.27 | 5,600) 33 180 82.0 1.4 
2 0.0040) 6.002 | 0.793 | 10.99 | 13,500) 39 150 82.7 1.8 
3 0.017 | 4.334 | 0.790 | 11.08 600} 48 165 81.0 2.0 
4 0.020 | 4.809 | 1.278 | 11.46 | 7,300) 51 145 74.0 2.2 
5 0.013 | 5.618 | 2.819 | 13.85 | 3,500) 47 125 74.3 2.2 
6 0.023 | 3.861 | 0.964 | 11.33 300} 80 210 84.3 1.8 


The smallest gold number represents the highest protective 
power. Gelatin has been found by all investigators to have the 
greatest range in gold numbers of any colloid. The range given 
by Zsigmondy (7) (1917) was from 0.01 to 0.005 and by Gortner 
(4) (1920) 0.0125 to 0.005. The range found in this experiment 
was from 0.023 to 0.004. The gold number 0.004 is lower than 
has been reported by any investigator with gelatin. There was 
found to be no direct relationship between the gold numbers 
and any of the other tests used in studying these gelatins. 

The gelatin with the lowest gold number had the highest bacte- 
rial content and the gelatin with the lowest bacterial content had 
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E the poorest gold number, but the other samples did not follow in or- 
| der. The ash content seemed to have no direct effect upon the gold 
number. The swelling strength, with the exception of samples 
1 and 2, was very close to an inverse relationship with the gold i 
: numbers. The gelatin with the highest strength by the Burke 
Gelatin Standardizer had the poorest gold number and the sample 
} | second highest in strength had the lowest gold number. The 
; gelatin with the highest viscosity had the second best gold num- 
J | ber, and the gelatin with the second best viscosity had the 
poorest gold number. Two of the gelatins had the same jelly 
. value and these two gelatins also had the highest and lowest gold 
number. With one exception, there was a direct relationship 
between the gold numbers of these gelatins and the H-ion con- 
centration of the gelatins. Investigators agree that the H-ion 6 
concentration affects the gold number determination and this 
investigation bears out this conclusion. 
Thomas (5) (1924) found that if the protective colloid solution 
is slightly acid it will show a poorer protective action than one 
which is neutral or slightly alkaline. In this investigation the 
gelatin with the highest pH had the lowest gold number, and the 
gelatin with the poorest gold number was found to be the most f 
a acid gelatin. Samples 2 and 4 were very close to the isolectric 
point of gelatin and this may account for the fact that while 
sample 4 is the more alkaline of the two, yet it has the poorer 
| gold number. While samples 1 and 5 have practically the same 
{ pH, sample 5 shows a much poorer gold number which is very 
] likely due to the fact that it is a much lower grade gelatin as is 
| 


shown by the other tests and characteristics used in examining 
these gelatins. 
Experiment II. Comparison of gel strength. The results 
obtained in experiment I with the Burke Gelatin Standardizer 
were carried out according to Burke’s method using 5 grams of 
gelatin made up to 100 cc. In the previous experiment the 
&§ moisture content of these six gelatins was found to vary from 
— 10.99 to 13.85 per cent. In this experiment the work on gel 
| strength was repeated using a true 5 per cent solution, taking f 
into consideration the moisture content of the gelatins. The 
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amount of gelatin required to make a true 5 per cent solution, 
the results obtained on the Burke Gelatin Standardizer, and the 
amount of each of these gelatins that should be used in the ice 
cream mix according to Burke’s (2) (1923) table for plunger fall 
are found in table 2. 

The gel strengths are uniformly higher in the case of the true 
5 per cent gelatin solutions, but the range between the highest 
and lowest reading is still very narrow. The amount of gelatin 
to use in the mix is less when the strength is measured using 
the true 5 per cent solution. However, the range is much 
narrower than that which was found to be the correct amount to 
use in the mix of each of these gelatins when a comparison was 
made of the finished ice creams. In operating the standardizer 


TABLE 2 
Gel strength by Burke gelatin standardizer 


NUMBER IN MIX CENT SOLUTION 
per cent grams per cent 
1 82.0 0.39 5.75 91.0 0.345 
2 82.7 0.3835 5.61 85.5 0.3725 
3 81.0 0.395 5.62 80.0 0.40 
4 74.0 0.43 5.65 79.0 0.405 
5 74.3 0.4285 5.80 80.5 0.3975 
6 $4.7 0.3765 5.64 88.5 0.3575 


it was found that a difference in 1°C. in the temperature made a 
difference of several points in the reading, however, it was found 
with all determinations that the range between the samples was 
too narrow and moreover there was no simple relationship 
between the amount of gelatin to use in the mix as shown by the 
Burke Standardizer and the amount which was found to be the 
proper amount by experimenting with these gelatins in the ice 
cream mix. 


A STUDY OF GELATINS IN ICE CREAM 


Experiments III to V inclusive are devoted to a study of the 
gelatins in the ice cream mix, and their effect on the resulting 
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ice creams. It was deemed advisable to study the effect of 
each gelatin on the viscosity of the mix, the overrun obtainable 
under the same condition of freezing, the retention of air by the 
frozen mixes, the standing up qualities or melting resistance of 
the finished ice cream, and the effect of the gelatins on the flavor 
and texture of the ice creams after being hardened. A check 
sample containing no gelatin was compared with the ice cream 
containing the gelatins in this series of experiments. Sample 7 
in this part of the investigation represents the check sample and 
contains no gelatin. 

Experiment III. The effect of various amounts of gelatin on the 
viscosity of the ice cream mix. The results obtained in experi- 
TABLE 3 
Effect of gelatin on the viscosity of the ice cream mix 


viscosiry oF 0.5 PER CENT viscostry oF 0.4 PER CENT viscosiTY oF 0.3 PER CENT 
SAMPLE GELATIN MIXES GELATIN MIXES GELATIN MIXES 

Fresh Aged Fresh Aged Fresh Aged 
1 1576.3 4523.6 682.6 1966.5 369.5 764.3 
2 1226.7 3531.6 483.5 1401.8 389.7 662.6 
3 810.9 2121.2 343.0 748.9 316.3 543.2 
4 417.0 839.3 298.0 523.7 301.3 439.0 
5 483.0 1035.8 279.5 447.6 373.1 536.5 
6 2852.1 Set togel | 1504.5 3336 .4 474.5 983.4 
7 464.5 677.3 464.5 677.3 464.5 677.3 


ment II in which the strengths of the gelatins were measured 
indicated that approximately 0.4 per cent of any of the gelatins 
with which the investigation was conducted would be sufficient 
gelatin to use in an ice cream mix. The object of this experi- 
ment was to study the effect of varying amounts of the gelatins 
on the viscosity of the mix. Ice cream mixes were prepared 
containing 0.5, 0.4, and 0.3 per cent of the gelatins and viscosity 
determinations were made on the fresh mixes and on the mixes 
after aging twenty-four hours. The average viscosity reading 
of three mixes in case of the 0.5 per cent gelatin ice cream, four 
mixes in case of the 0.4 and 0.3 per cent gelatin creams, and eleven 
mixes in case of the ice cream containing no gelatin are found 
in table 3. ; 
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From the results of this table, and the visible viscosity which 
could be observed on pouring the mixes, it was apparent to the 
authors that 0.5 per cent gelatin was too much gelatin to be 
used in the mix in the case of gelatins 1, 2, 3, and 6. The other 
two gelatins resulted in an ice cream mix that increased slightly 
more than the check mix in viscosity on aging. When the amount 
of gelatin was decreased in the mix to 0.4 per cent it was found 
that there was a decrease in the viscosity of all the mixes, but 
this still appeared to be too much gelatin in the case of gelatins 
1 and 6, and probably gelatin 2. This proved to be about the 
correct amount to use in the case of gelatin 3, and the mixes 
containing gelatins 4 and 5 did not increase as much in viscosity 
on aging as the check mix. Passing to the 0.3 per cent gelatin 
mixes it appeared that this amount of gelatin was still a little 
too much in the case of gelatin 6, and the results indicated that 
it would probably be better to use a little more than 0.3 per cent 
of gelatin when using the No. 2 gelatin. While the mixes con- 
taining gelatins 3, 4, and 5 increased slightly in viscosity on 
standing, this increase was less than the check mix. This experi- 
ment indicates that gelatin has a marked influence on the viscosity 
of the ice cream mix and that too much gelatin makes for a plastic 
mix that is heavy and soggy. 

Experiment IV. Retention of air by the mixes. A common 
fault often found with ice cream is that it ‘drops’ in the can, or 
settles. This fault is caused by the air leaving the same, and it 
was the purpose of this experiment to observe the relative length 
of time these gelatin ice creams would retain their air at room 
temperature. In all these experiments the air was always out 
of the check sample after holding in the cold room (1°C.) over 
night. In the case of the mixes containing 0.5 per cent gelatin 
the air completely left samples containing gelatins 3, 4, 5, and 
check sample 7 at the end of 28 hours at room temperature. 
The air had just started to leave sample 1 and sample 6 at the 
end of this period. 

In the case of the 0.4 per cent gelatin mixes samples 1 and 6 
placed at room temperature had not changed at the end of 5 
hours, while samples 4 and 5 had lost nearly all their air at the 
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end of this period. At the end of twenty-four hours all of the 
samples except 1 and 6 had completely lost their air, and very 
little air remained in these samples (nos. 1 and 6) at the end of 

In ease of the 0.3 per cent gelatin ice creams all of the samples 
had started to lose their air by the end of five hours. 

The range in overrun in the ice cream samples of this experi- 
ment was not very wide and could not be given as a reason for the 
difference in retention of air. In every case the gelatin mixes 
retained air longer than the check sample and the more viscous 
mixes retained the air for a longer period. The viscosity of the 
mix seemed to have a marked influence on the retention of the air 
in the finished ice cream, the difference in viscosity being due to 
gelatin. 

Experiment V. Standing up qualities or melting resistance of 
the gelatin ice creams. The melting resistance and the standing 
up qualities of the ice cream is of considerable importance from 
the economic side of the ice cream industry. In warm weather 
a few degrees difference in melting temperature is very important 
and it was the purpose of this experiment to determine the rate 
of melting of ice cream containing the various gelatins. Plate I 
shows the ice creams at the beginning of the experiment, and 
plates II and LII show the 0.5 per cent gelatin ice creams after 
being held two and three hours, respectively, at 22°C. 

At the end of three hours the check sample was nearly com- 
pletely melted and the part that was left above the wire gauze 
was mostly foam. Ice cream containing gelatin 6 did not melt 
but a small amount of a light yellow liquid had come out of the 
mix at the end of three hours. This liquid was very sweet and 
did not have the characteristic ice cream taste of the liquid from 
the check sample. The reason why this sample did not melt 
may have been due to its power to imbibe large quantities of water 
and thus hold the water in the ice cream mix. The liquids from 
samples 4 and 5 had the ice cream taste but they were slower 
in melting than the check sample. The other four samples 
all became soft, and all but sample 6 spread out on the wire guaze. 
These mixes were leathery and gummy. 
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The standing up qualities of the 0.4 per cent gelatin ice creams 
are shown in plates [IV and V. It will be noted that the check 
sample appears quite similar to the check sample shown in 
plates II and III which illustrate the 0.5 per cent gelatin ice 
creams, but samples 4 and 5 in the experiment melted down with- 
out leaving any foam on top of the wire gauze. Sample 6 did 
not melt but did break earlier and spread out more. Samples 
1, 2, and 3 melted slightly, but most of the mix spread out and 
ran off the side of the wire gauze. 

The results of the 0.3 per cent gelatin mixes are shown in 
plates VI and VII. Here it will be noted that samples 1, 2, 4, 
and 5 had completely melted at the end of three hours, and also 
that these mixes had melted through the wire gauze. Sample 3 
was also nearly all melted but some of this sample ran over the 
side of the gauze. Sample 6 still refused to melt like the other 
samples of ice cream at this concentration of gelatin. While 
sample 6 did not melt at any concentration of gelatin used in 
this investigation, it was not an ice cream that would take with 
the public. It was a heavy, soggy, and leathery ice cream that 
was hard to dip and left an after-taste in the mouth after eating. 
The same relationship existed between the standing up qualities 
of these gelatin ice creams and viscosity as there was between 
the retention of air and the viscosity. The more desirable ice 
cream was the one that melted down smooth and the liquid had 
the characteristic ice cream taste. 


DISCUSSION 


The practical ice cream manufacturer is interested in the grade 
of the gelatin and the amount of the gelatin he must use in his 
mix to obtain the results which he desires. In the experiments 
with the use of these gelatins in the ice cream mix special atten- 
tion was given to this point and a study of the effect of the gela- 
tins on the finished ice cream indicated that the proper percentage 
of each of these six gelatins to use in the mix to make a desirable 
commercial ice cream was as follows: Gelatin 1—0.3 per cent, 
Gelatin 2—slightly more than 0.3 per cent, Gelatin 3—0.4 per 
cent, Gelatin 4 and Gelatin 5—0.5 per cent, and Gelatin 6—less 
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than 0.3 per cent. If the ice cream manufacturer assumes that 
0.5 per cent is the correct percentage of gelatin to use of all lots 
of gelatin which he buys, he is sure to have trouble as the results 
of this investigation show that this percentage of some grades of 
gelatin results in an ice cream that is heavy, soggy, gummy, 
leathery, and gives the ice cream an undesirable after-taste. 
The use of a high grade gelatin is not to be discouraged because 
the same results can be obtained by using a smaller percentage 
of such gelatin and a very desirable ice cream can be made with 
it by using the proper percentage. However, it is much more 
important that the proper percentage be used with the high grade 
gelatin because of the marked effect of this gelatin on viscosity 


of the mix, melting resistance, body, texture, and flavor of the 
finished ice cream. 


CONCLUSIONS 


1. No direct relation exists between the gold number of gelatin 
and the common tests used by the ice cream manufacturer in 
selecting gelatin with the possible exception of the swelling test. 

2. There was no direct relation between gel strength, as 
measured in this paper, and the amount of gelatin to use in ice 
cream. 

3. Gelatin has a marked influence on the viscosity of the ice 
cream mix but too much gelatin results in a plastic mix which is 
heavy and soggy. 

4. Ice cream containing gelatin will retain air much longer than 
ice cream containing no gelatin, this property, however, varies 
with the amount and grade of gelatin used in the mix. 

5. The following tests should be used by the ice cream manu- 
facturer in selecting gelatin for use in ice cream: 

(1) Bacterial count. 

(2) Ash content. 

(3) Moisture content. 

(4) Swelling test. 

(5) The effect of the gelatin on the standing up property 
of ice cream at room temperature. 
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6. Until further contributions are made to the subject, the 
most practical method of judging gelatin for ice cream manu- 
facture is that of actually testing the gelatin in ice cream and 
noting the effect on the standing up properties of the ice creams 
at room temperature. 
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Ice Creams ContTaIninG 0.5 Per Cent or THE GELATINS STUDIED 
Plate I illustrates the ice creams at the beginning of the experiment, plates 
II and III the ice creams after standing at room temperature two and three hours 
respectively. Samples 1 to 6 inclusive contain the gelatins under study, sample 
7 is the check containing no gelatin. 


Plate U 
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Ice Creams ConTAINING 0.4 Per CENT OF THE GELATINS AFTER SETTING AT 
Room TEMPERATURE Two aND THREE Hours RESPECTIVELY 
Samples 1 to 6inclusive contain the gelatins under study, sample 7 is the check 
containing no gelatin. 
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Ice Creams ContTaininG 0.3 Per Cent GeLatin PLacep at Room TEem- 
PERATURE FOR Two THREE Hours 
: Samples | to 6 inclusive contain the gelatins under study, sample 7 is the 
check containing no gelatin. 
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THE EFFECT OF HOMOGENIZATION, CONDENSATION 
AND VARIATIONS IN THE FAT CONTENT OF A 
MILK UPON THE KEEPING QUALITY OF ITS MILK 
POWDER* 


GEORGE E. HOLM, G. R. GREENBANK anp E. F. DEYSHER 


Research Laboratories, Bureau of Dairying, United States Department of 
Agriculture, Washington, D. C. 

There is considerable difference of opinion with respect to the 
relative keeping quality of milk powders manufactured by differ- 
ent processes. Coutts (1), also Palmer and Dahle (2), have noted 
that the drum process produced powders superior in keeping 
quality to powders manufactured by the spray processes. Pal- 
mer and Dahle have attempted to explain these results on the 
basis of the physical structure of the powders, showing that in a 
spray powder air is occluded in the milk particles and therefore 
the fat in this powder is subjected to the action of oxygen from 
within as well as upon the outer surface. These authors also 
suggest that homogenized fat in a powder produces a condition 
favorable for accelerated oxidizing action of air due to the in- 
crease surface area. 

The present writers (3), though having no experiments to prove 
that drum powders had a better keeping quality than spray 
powders, accepted the observations made by the above mentioned 
authors, but maintained also that the quality of the fat largely 
determined the keeping quality of the powder manufactured. 

Later experiments by Dahle and Palmer (4) do not fully sub- 
stantiate their former conclusions. They maintain that a spray 
powder, which contains its fat in a finer state of division, and 
therefore exposes the greatest surface to the action of air, seems to 
possess the best keeping quality in this case. They also intimate 
that a spray powder owes its superior keeping quality to closer 
packing because of its fineness, and also to the smaller air cells 
occluded within the granules. The lack of the latter condition 
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J 
Ice Creams 0.3 Per Cent GELATIN PLacep at Room Tem- 
PERATURE FOR Two anp THREE Hours ¢ 


Samples | to 6 inclusive contain the gelatins under study, sample 7 is the 


check containing no gelatin. 
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Agriculture, Washington, D. C. 

There is considerable difference of opinion with respect to the 
relative keeping quality of milk powders manufactured by differ- 
ent processes. Coutts (1), also Palmer and Dahle (2), have noted 
that the drum process produced powders superior in keeping 
quality to powders manufactured by the spray processes. Pal- 
mer and Dahle have attempted to explain these results on the 
basis of the physical structure of the powders, showing that in a 
spray powder air is occluded in the milk particles and therefore 
the fat in this powder is subjected to the action of oxygen from 
within as well as upon the outer surface. These authors also 
suggest that homogenized fat in a powder produces a condition 
favorable for accelerated oxidizing action of air due to the in- 
crease surface area. 

The present writers (3), though having no experiments to prove 
that drum powders had a better keeping quality than spray 
powders, accepted the observations made by the above mentioned 
authors, but maintained also that the quality of the fat largely 
determined the keeping quality of the powder manufactured. 

Later experiments by Dahle and Palmer (4) do not fully sub- 
stantiate their former conclusions. They maintain that a spray 
powder, which contains its fat in a finer state of division, and 
therefore exposes the greatest surface to the action of air, seems to 
possess the best keeping quality in this case. They also intimate 
that a spray powder owes its superior keeping quality to closer 
packing because of its fineness, and also to the smaller air cells 
occluded within the granules. The lack of the latter condition 
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hardly accounts for the inferior keeping quality noted by these 
authors for the drum powder. 

If comparisons of methods of manufacture or comparisons of 
products produced by different processes are to be made, it is 
obvious that it would be ideal if samples of the same milk could 
be used throughout. Where the history of the milks, i.e., age, 
cooling, heat treatment, fat content, mechanical treatment, etc., 
are identical, comparisons are justified provided the method of 
judging the product takes into consideration the initial stability 
or susceptibility of the powder to oxidation in each case. 

It is also essential in comparing powders, that the moisture 
content (better vapor pressure of the powders) be as nearly 
equivalent as possible, and that they be thus maintained through- 
out the tests. The variability in moisture content is of especial 
importance where deterioration (oxidation) is judged by the 
olfactory sense, since it has been shown (5, 6) that free moisture 
has a decided effect upon the stability of the compounds re- 
sponsible for the tallowy odors and flavors. A relatively dry 
sample is apt to show deterioration in shorter time than a sample 
of higher moisture content, when in fact the rate of deterioration 
(oxidation) may be the same. 

Any experiments, therefore, where the above mentioned condi- 
tions are not carefully controlled are subject to irregular and er- 
roneous results and sometimes erroneous conclusions. 

The aim of this investigation was to determine the value of 
some basic methods of procedure, involved in the processes of 
milk powder manufacture, in improving the keeping quality of 
the product. The effect of condensation, homogenization or its 
equivalent in the process of drying and the variations in fat con- 
tent of milks, upon powder produced will be discussed in this 
paper. 

EXPERIMENTAL 


The effect of acid content of a fat upon its resistance to oxida- 
tion has been recorded in a former publication (7). It has also 
been noted that an aged sample of milk always produces a butter 
oil of lowered resistance to oxidation. For these reasons samples 
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of milk more than twelve hours old were never used in the fol- 
lowing experiments. Fresh samples of milk that had been prop- 
erly cooled were standardized to the fat content required, heated 
to 60° to 65°C. for approximately one-half hour, and reduced to 
powdered form by the spray method. Approximately the same 
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Fig. 1. Show1ne THE Errect oF VARIATION IN Fat Content oF PowpERs 
MANUFACTURED FROM WHOLE, CONDENSED, HoMOGENIZED, AND Homoc- 
ENIZED AND CONDENSED MILKS UPON THEIR KEEPING QUALITY 


moisture content was maintained. The various powders were 
sealed in small tin cans and stored at room temperature. From 
time to time a can from each sample was opened and tested. The 
time when tallowiness first appeared, as judged by several indi- 
viduals, was noted. These results are plotted in figure 1. 

In view of the fact that the olfactory sense does not give an 
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entirely satisfactory measure of the actual condition or state of 
the fat in the powder, and gives no measure of susceptibility 
changes to oxidation which takes place in the fat with aging, the 
experiments were repeated in part. 


100 
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Fig. 2. Show1ne THE Errect oF VARIATION OF Fat ConTENT, HOMOGENIZATION, 
CoNDENSATION, AND HOMOGENIZATION AND CONDENSATION OF A MILK 
UPON THE RESISTANCE OF THE Fat In Its PowpER To OXIDATION 


Samples were prepared and stored as described above. From 
time to time, the induction period, or the time necessary to cause 
the fat in the milk powder to absorb oxygen at 70°C., was deter- 
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mined by the method described by Greenbank and Holm (8). 
By this method it was possible to follow directly the susceptibility 
changes in the fat, upon storage. The initial induction period, 
or time necessary for oxygen absorption to begin, was determined 
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Fig. 3. SHow1ne THE AMouNTs OF FREE Fat Extractep FRoM MILK PowpERS 
or VaryING Fat ConTENT MANUFACTURED FROM HOMOGENIZED 
AND UNHOMOGENIZED MILKS 


upon each sample, thus correcting as far as possible any variation 
in powders manufactured from different milks. The results are 
plotted in figure 2. 

The results of these two sets of experiments seem to indicate 
that there is quite a perceptible decrease in keeping quality with 
increased fat content, especially within the higher ranges. The 
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quality of the powder seems also to be materially improved by 
condensation in the first set of experiments (fig. 1). These re- 
sults are not so pronounced in the confirmatory experiments 
(fig. 2). The beneficial effect of homogenization is well illus- 
trated in figures 1 and 2. 

In some preliminary experiments it has been noted that the 
amount of free fat (fat not protected by a protein film) as deter- 
mined by a CCl, extraction, would vary with different powders, 
especially in powders of higher fat content. It was decided to 
determine if the increase in free fat in the stored samples and their 
susceptibility to oxidation bore any direct relationship. Milk 
powders of from 20 to 30 per cent fat content manufactured from 
homogenized and unhomogenized milks were extracted with 
CCl. Varying the time of extraction and the amount of sample 
used showed very little effect upon the per cent of fat extracted. 
The results showing the variation in free fat in these powders are 
plotted in figure 3. 


DISCUSSION 


The comparison shown in figure 1 seems to indicate that a pre- 
condensed sample of milk will produce a powder of better keeping 
quality than will the unprecondensed. This is in accord with the 
experiments carried out by the authors upon pure butter oil. In 
every case where a pure butter oil was treated in such a manner 
that some of the volatile or water soluble products were removed, 
the keeping quality was improved. 

The extent to which different heat treatments of the milk 
affected the keeping qualities of its powders has not been ascer- 
tained. It is reasonable to assume, however, that any increase 
in heat treatment will improve the keeping quality of a powder, 
since the tendency of heat treatment, when applied to a reason- 
ably fresh product, is to remove the volatile substances or in 
some way remove the substances which act as catalysts for the 
oxidation. 

Homogenization seems to have a decided effect in improving 
the keeping quality. This is strikingly brought out in the second 
series of experiments, where resistance to oxidation was measured 
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directly by the ability of the fat in the powder to withstand 
oxygen absorption. The mechanism of prevention of oxidation 
in this case is not clear. 

The suggestion first made by Palmer and Dahle that the fat 
in a spray powder oxidizes more rapidly than does the fat in a 
drum powder, and that the oxidizing action is induced by a greater 
surface exposure due to greater subdivisions of fat globules, seems 
to be strongly contradicted. 

Whether the protective action against oxidation given by 
homogenization is largely physical in nature or both physical 
and chemical, still remains an open question. 

The antithesis of the above idea, namely, that presence of free 
fat in a powder should increase susceptibility, appears perhaps 
to furnish an index to susceptibility, other conditions being equal. 

A correlation of figures 1 and 3 indicates that the breaks in the 
curves obtained for the keeping quality, and those obtained 
for free fat extracted, occur at approximately the same per cent 
fat content. No extracts were made upon the samples used in the 
second set of experiments. Though definite proof is lacking as 
to the exact nature of the retarding action, the results indicate 
that the limited covering power of a milk for the butterfat has 
much to do with the keeping quality of the milk powder manu- 
factured from this milk. 

It has been reported by Supplee (9) that increases in fat content 
from 5 per cent to 55 per cent showed progressive improvement 
in keeping quality. These results are in direct contradiction to 
the results obtained by the writers for powders of fat contents up 
to 33 per cent. The author does not state, however, how the fat 
content of the milk was increased. 

Powdered cream presents an entirely new problem, in which 
the intensity factor of the various conditions must be considered 
even more carefully. Direct comparison between the fat in this 
product and that in whole-milk powder must be made with even 
more care than when whole-milk powders are compared. 
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THE ENERGY REQUIREMENTS OF DAIRY COWS* 


Il. IS NET ENERGY OR METABOLIZABLE ENERGY THE MORE 
USEFUL INDEX FOR PRACTICAL PURPOSES? 


EDWARD B. MEIGS 


Research Laboratories, Bureau of Dairying, United States Department of 
Agriculture, Washington, D. C. 


INTRODUCTION 


In the previous article of this series (9) it was shown that the 
experimental results obtained at the dairy experiment farm of the 
United States Department of Agriculture, at Beltsville, Md., 
are in close agreement with those of Haecker and Eckles in regard 
to the quantities of total digestible nutrients which are necessary 
to keep dairy cows at uniform body weight. It was shown also 
that the experiments of Eckles, on the one hand, and of this 
station on the other, which are in close agreement in regard to the 


quantities of total digestible nutrients necessary to maintain: 


uniform body weight, are in less close agreement_when their 
results are calculated in terms of net e energy values; and, further, 
that this situation is readily’ explained by supposing that 
energy values are a less accurate measure of the relative values of 
different feeds for maintaining uniform body weight than are 
total digestible nutrients. It is proposed i in this article to inqui 
into the physiological justification for using either total digestible 
nutrients or net energy values as a measure of the practical value 
of feeds. 

An admirable discussion of the distribution of energy in food- 
stuffs from the physiological point of view is given by Armsby 
(5, pp. 635-678). It will not be necessary to repeat it here. It 
need only be said that the terms developed by him will be used in 
this discussion in the sense in which he defined them. The gross 
energy of a food, according to Armsby, is the maximum amount 
of energy which it can furnish for the vital activities by its oxida- 
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tion in the body, and is measured by its heat of combustion 
(5, p. 635). The metabolizable energy is the difference between 
the chemical energy of the feed and that lost in the excreta, or is 
that portion of the energy of the feed which is capable of being 
converted into other forms of energy in the body, either during 
the changes which the feed undergoes in the digestive tract or in 
the course of metabolism in the tissues (5, pp. 639, 640). Net 
energy is that portion of the energy of the feed which remains 
after deducting the losses of energy in the excreta and those due 
to the increased heat production which results from the con- 
sumption of the feed (5, p. 659). 

What is meant by the total digestible nutrients of a feed is so 
well known as to need no recapitulation here. But it is worth 
while to point out that the figures for total digestible nutrients as 
given in the text book of Henry and Morrison (7, pp. 653-666), 
are intended to be a measure of the metabolizable energy of the 
feeds concerned, and that it is for this reason that the weight of 
digestible fat in the feeds is multiplied by the factor 2.25 in 
calculating the total digestible nutrients (see Henry and 
Morrison, (7, pp. 39-41)). 

The meaning of the term “net energy value’ and the experi- 
mental method by which net energy values have been determined 
may be further elucidated as follows. It has been found that 
when food is given to a partially or completely starving animal, 
not all of its metabolizable energy is used to replace that of the 

tissue which the animal was previously burning up. The 
Sault usually is that while the waste of the animal’s body tissue 
is lessened, its total heat output is, at the same time, increased. 
In other words, only a part of the energy of the food given is used 
to prevent waste of body tissue; the rest is converted into heat. 
In Armsby’s experiments the heat output of animals is deter- 
mined, first during a period in which they are fed a markedly sub- 
maintenance ration, and then during a period in which they are 
fed a larger though still somewhat submaintenance ration of the 
same food material. From the data so obtained that portion of 
the energy of the extra food given in the second period which is 
turned into heat and that part which is used to save body tissue 
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are calculated. The latter portion is called the net energy value 
of the food (5, p. 271). 

In other cases the net energy values of foods for fattening ani- 
mals have been determined. In such experiments additional 
food is given to an animal which is already on a maintenance or 
super-maintenance ration, and it is determined what proportion 
of the metabolizable energy of the added food is stored by the 
animal as body fat or other body substance and what proportion 
is lost as heat. That portion of the metabolizable energy of the 
food which is stored as body fat or other body substance is called 
the net energy value of the food for fattening or growth (5, p. 360). 

It is proposed in this article, first to point out that the results of 

past experiments have been such as to indicate that it will be very 
‘difficult to obtain satisfactory average figures for the net energy 
values of foods, even for the very special conditions which have 
obtained in the calorimetric experiments. In a later section, it 
will be inquired whether any figures which could be obtained in 
such experiments are likely to have a greater value for indicating 
the relative usefulness of foods in practice than are figures for the 
metabolizable energy values of the foods in question. 


THE VARIABILITY OF THE FIGURES OBTAINED IN PAST 
CALORIMETRIC EXPERIMENTS 


The writer has made a particularly detailed study of Armsby’s 
work. It is to be noted, however, that the same fundamental 
idea underlies the work of Armsby and that of Kellner; and the 
same criticisms, therefore, apply in a general way to both. The 
following discussion is confined chiefly to Armsby’s work merely 
for purposes of clearness and definiteness. The writer also wishes 
it to be understood that he has the most sincere admiration for 
the care and accuracy with which Armsby’s experiments were 
carried out and for the clearness with which very difficult and 
complicated matters have been set forth in the published accounts 
of them; he fully realizes that Armsby and Kellner and their col- 
laborators have achieved scientific advances of great permanent 
value. But he is none the less convinced that the limitations of 
the net energy conception should be fully realized by every one 
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who is interested in the science of nutrition and tke practical 
feeding of farm animals. 

The conceptions, net energy value and starch value,' distinguish 
between that part of the energy of a food which is used to maintain 
or increase body substance and that part which is turned into 
heat. Net energy values and starch values are determined by 
measuring and comparing the heat output of animals in two sep- 
arate periods in which they receive different amounts of food. 

Now the heat output of an animal depends very largely on its 
muscular activity, and the extent to which a living animal uses 
its muscles in any given period depends on many other factors 
besides the food which it receives during that period. The results 
of an experiment to determine the net energy value of a food 
would be vitiated if, for example, it happened that the experi- 
mental animal were successfully protected from flies in one of the 
periods, but that flies gained access to it in the other period. The 
muscular activity and consequently increased heat output oc- 
casioned by the flies in one of the periods would introduce a very 
large error. Similarly, if the temperature were much lower in 
one of the periods than in the other, the animal might be caused to 
shiver; and this also would introduce a very large error. 

In order to avoid errors of the kinds referred to, it is necessary 
to keep the animals used in this type of experiment under uniform 
conditions. Armsby and Fries give a striking description of the 
precautions which they used. There were no external noises 
except the monotonous click of the meter pump, no visitors were 
admitted, the temperature in the calorimeter was kept at from 
17° to 18°C., even the change from daylight to artificial light was 
hardly perceptible, and the animals were all docile and ac- 
customed to the experimental conditions (4, pp. 464-475). 

A careful study of the experimental results, however, shows 
that in spite of these precautions the muscular activity of the 
animals was affected by uncontrollable influences as well as by 
the nature and amount of the food given. It was found, for 
instance, that the animals gave off about 40 per cent more heat 


1 For a discussion of the meaning of “starch value,”’ see Armsby (5). 
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when standing than when lying down (3, p. 23), that the propor- 
tion of time spent standing varied from 24 per cent to 100 per 
cent of the whole period spent in the calorimeter and was, to a 
large extent, independent of the food consumed (4, p. 460-462). 

It is not an easy matter to decide how to deal with this diffi- 
culty. It is obvious, of course, that an animal may be induced to 
spend a large proportion of its time standing by uncontrollable 
influences other than the food which it receives, and that large 
errors will be introduced into the determinations of net energy, 
if the standing due to these chance extraneous influences is 
counted as due to the influence of the food. On the other hand, 
there is no doubt that an increased food supply has a general 
tendency to cause increased muscular activity in animals, and 
this tendency appears quite clearly in the results of Armsby’s 
experiments. It was found, for instance, that the animals which 
received more food had a decidedly greater tendency to changé 
often from the standing to the lying position, though only a slight 
tendency to spend a larger proportion of their time standing 
(4, p. 460). In order to obtain really accurate results, therefore, 
the investigation would have to distinguish between the muscular 
activity due to accidental extraneous influences and that due 
to increased food intake. 

Armsby and Fries apparently changed their opinion in regard 
to the question whether the changes in heat output due to stand- 
ing and lying down should be counted as due to changes in food 
intake or regarded as accidental. In Bulletin 51 of the Bureau 
of Animal Industry (1) they take this factor into account in 
drawing conclusions from their results. In Bulletin 74 of the 
same series (2), on the other hand, they calculate the net energy 
values of the foods used without considering what proportion 
of the time ,the animals spent standing or lying in the various 
periods of the experiments. In Bulletin 101 of the same series 
(3) and in later articles, they return to the practice of taking into 
account the proportion of time spent standing. 

Whichever way the results are calculated, they vary widely in 
different individual experiments. In Bulletin 74 of the Bureau 
of Animal Industry, for instance, the results, calculated without 
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regard to the proportion of time which the experimental animal 
spent standing or lying in the different periods, lead to the con- 
clusion (2, p. 40) that the net energy of clover hay amounts to 
36.42 per cent of its metabolizable energy. In Bulletin 101, the 
authors correct the results to the supposition that the experi- 
mental animal spent 17 hours standing and 7 hours lying down 
each day. From the figures given on pages 32 to 35 (3), how- 
ever, it is possible to calculate the results on the same basis as in 
Bulletin 74 (2); when this is done, it appears that in the two 
most satisfactory experiments,’ the net energy of the clover hay 
was about 85 and 64 per cent of its metabolizable energy re- 
spectively. Correcting the results to the supposition that the ox 
spent seven hours of each twenty-four lying down, the authors 
find in three different cases that the net energy of the hay was 
79.99, 72.90, and 92.74 per cent of the metabolizable energy 
respectively (see 3, p. 40). 

Further data on the distribution of nutritive energy in clover 
hay are given in a still later article (4, p. 473). In this case, the 
increments in heat production caused by clover hay per kilogram 
of dry matter are given, the results being corrected to the sup- 
position that the experimental animals spent half their time lying 
down. It appears that in one case the hay caused the heat output 
to be increased at the rate of 992 calories per kilogram of dry 
matter fed; in another case, at the rate of 453 calories per kilo- 
gram. In order to compare these results with those given above, 
it is necessary to know the metabolizable energy of clover hay. 
This quantity is comparatively constant; in figures given on page 
34 of Bulletin 74 and on page 32 of Bulletin 101 the utmost varia- 
tion is from 2.290 to 2.024 calories per gram of total organic mat- 
ter in the hay, and the average may be taken as approximately 
2040 calories per kilogram of total dry matter.* Using this 
figure for metabolizable energy, the figures given above would 


2 Some of the experiments described in this bulletin are vitiated by the fact 
that the ox, for unknown reasons, stood up during the whole 48 hours of cne 
of the periods. 

3 About 6 per cent of the total dry matter of clover hay is ash, and therefore 
the metabolizable energy per kilogram of total dry matter is somewhat lower than 
the energy per kilogram of total organic matter. 
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mean that in one experiment the net energy was 51 per cent of the 
metabolizable energy; in the other, 78 per cent. These figures 
are to be compared with those of Bulletin 101, in which the au- 
thors calculate that the net energy of clover hay is from 72.90 
to 92.74 per cent of the metabolizable energy. 

The figures given by Armsby and Fries for the net energy of 
clover hay are perhaps somewhat more variable than those given 
for other foods. But the other figures are also highly variable. 
On page 473 of the article in the Journal of Agricultural Research 
above cited, for instance, are given figures for the increments in 
heat production per kilogram of dry matter caused by timothy 
hay. These range from 529 calories to 954 calories. It is a very 
moderate statement, therefore, to say that the net energy of any 
given feed may often turn out to be 50 per cent more in one 
experiment than it is in another, even when the results are cal- 
culated with all the refinements and precautions described by 
Armsby and Fries in the article just cited. 

This variability in the results is not in the least surprising; on 
the contrary, it is entirely to be expected. The reasons for it 
have already been outlined and may be restated as follows: The 
heat output of an animal, under such conditions as those that 
obtain in the experiments of Armsby and Fries, is largely de- 
pendent on the degree of its muscular activity, and the muscular 
activity is influenced, not only by the food intake, but also by 
other accidental factors which it is impossible to control. When 
Armsby and Fries correct for the proportion of time which their 
animals spend standing, they tacitly admit that one form of 
muscular activity may be accidentally increased in such a way as 
to interfere with the value of the results. But the muscular 
activity involved in standing is only one form; another is that 
involved in frequent changes from the lying to the standing posi- 
tion; still another expresses itself in increased restlessness either 
while standing or while lying down. Armsby and Fries make no 
attempt to correct for these other forms of muscular activity; 
and, as a matter of fact, it is impossible to correct satisfactorily 
either for them or for the muscular activity involved in standing. 
For there is every reason to believe that increased food intake 
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stimulates to increased muscular activity, and whatever part of 
the muscular activity is so caused must be taken into account as 
a part of the effect of the food. But, in order to get ideal results, 
this part of the muscular activity would have to be distinguished 
from the part which was accidental, and to make this distinction 
is impossible in such experiments as those under consideration. 

The writer has made a careful study of the experimental basis 
for some of the net energy values published in Armsby’s book 
(5, pp. 715-721) and has compared these figures with figures given 
by Kellner (8, pp. 627-639) for the starch values of the same foods. 
The experimental results on which the figures given in the book 
rest are quite variable and not very numerous, and the net energy 
values do not run at all parallel to the starch values for the same 
foods. It is, however, not necessary to go into this question in 
detail, as it is generally realized that the determinations of net 
energy value were incomplete at the time of Dr. Armsby’s death. 
In a recent note (6), his successor has stated that all the figures 
for net energy values which have been published from the In- 
stitute of Animal Nutrition of the Pennsylvania State College are 
to be recomputed and corrected, and that Dr. Armsby himself 
regarded the published results as tentative. 


WOULD IDEAL FIGURES FOR NET ENERGY AS DETERMINED IN ARMS- 
BY’S EXPERIMENTS BE A BETTER INDICATION OF THE RELATIVE 
VALUES OF DIFFERENT FOODS UNDER PRACTICAL CONDITIONS 
THAN WOULD FIGURES FOR THEIR METABOLIZABLE ENERGY? 


The experiments of Armsby and Fries, on which many of the 


figures for the net energy values of foods given in Armsby’s book 


are based, were carried out under very special conditions. The 
animals were kept as quiet as possible in a calorimeter ata tem- 
perature of 17° to 18°C. It is legitimate to inquire whether the 
relative tendencies of different foods to stimulate the output of 
animal heat would run parallel under such conditions to their 
tendencies to stimulate heat output under the quite different 
conditions which obtain in practice. 

It was the old idea that a considerable amount of energy was 
necessary for the mastication, digestion, and assimilation of foods, 
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particularly of roughages; and that the heat output caused by the 
consumption of food in such experiments as those of Armsby 
and Kellner was a measure of this energy. If this idea were cor- 
rect, the net energy and starch values would probably be the 
best possible indication of the practical usefulness of the nutritive 
energy contained in different foods; for it would be entirely logical 
to believe that the mastication, digestion, and assimilation of a 
given quantity of any particular food would always require 
about the same amount of energy, whether the animal were rest- 
ing or active, and whatever the external temperature might be. 

But Armsby and Fries make it quite clear that the heat output 
of the animals in their experiments which was caused by the con- 
sumption of food was not entirely or even chiefly a measure of 
the energy which was required for mastication, digestion, and 
assimilation. The reasons for discarding this older view are very 
fully and clearly given in their article in the Journal of Agri- 
> cultural Research (4). On page 459 of that article, for instance, 
it is stated that there was frequently no increase in heat output 
by the animals while they were masticating their food; and rather 
frequently, a distinct fall. This interesting observation may be 
interpreted in various ways; a not improbable interpretation is 
that the effect of mastication was to reduce other muscular move- 
ments, so that the loss of energy through this process was com- 
pensated or overcompensated, and may be regarded as often not 
occurring at all from a practical point of view. But, howeyer the. 
observation is interpreted, it shows clearly that the increased heat 
} ‘output due to mastication is either zero or at most a small fraction _ 
of the total nutritive energy of the food. by 

On page 460 the authors give reasons for thinking that their 
animals were more restless on the heavier rations, and on page 
479 they state that from 3 to as much as 30 or 40 per cent of the , yy wv) 
increased heat output caused by the consumption of food appears fet 


to have been due to increased muscular activity while standing. A 
On page 477 they show that coarse wood increase / 


in heat output per kilogram dry matter consumed than do cop- / 
centrates. On page 479 they sp of the stimulating action 


which food has on general metabolism in addition to its effect in 


clear. that the relative tendencies of different foods to stimulate 
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stimulating muscular activity, and express the opinion that this 
factor is not inconsiderable. 

From the above cited:passages it is fair to conclude that Armsby | 
and Fries are strongly of the opinion that the increased heat out- | 
put caused in animals by the consumption of food is, to a large | 


extent, due to the stimulating action which food has on muscular \ 


activity and on general metabolism, and to a small extent only, , 


to the work required for mastication, digestion, and assimilation. 
With this conclusion the present writer is in entire agreement. | 
But, if this conclusion is correct, a large part of the basis for | 
believing that the net energy and starch values of foods as deter- | 
mined in Armsby’s and Kellner’s experiments are a good indica- | 
tion of their practical usefulness for maintenance and fattening, | 
is lost. 
It is natural to suppose, as stated above, that the energy re- 
quired for the mastication, digestion, and assimilation of a given 
quantity of any particular food would be the same, whether it 
were fed by itself or along with other foods, whether the animal 
which consumed it were active or resting, and whatever the ex- i 
\ 


ternal temperature might be. But it is by no means equally 


muscular activity and increased general metabolism would re- 
main uniform under all these different conditions. Unless this 
point is established, the figures for net energy values obtained in 
calorimetric experiments cannot be regarded as necessarily valid 
for ‘practical conditions, 

In the preceding paper of this series (9) evidence was presented 
which indicates that the figures for total digestible nutrients 
given in the tables of Henry and Morrison are a reasonably satis- 
factory measure of the relative values of foods for maintaining 
uniform body weight in dairy cows. ‘These figures aim at giving 
the metabolizable energy of foods. But they are not an exact 
measure of metabolizable energy. The relation between the total 
digestible nutrients and the metabolizable energy of foods is 
clearly discussed by Armsby; he recognizes that the former is an 
approximate measure of the latter, and gives figures from which 
an idea may be formed as to how far the two sets of values may 
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depart from strict parallelism (5, pp. 635-650). The reasons for 
the non-existence of strict parallelism are, in brief, that certain 
metabolic products, particularly methane, have not been taken 
account of in determining the coefficients of digestibility of the 
various farm foods. Armsby gives methods by which metaboliz- 
able energy may be calculated from the figures for the digestible 
nutrients (5, p. 650). 

In order to obtain the therms of metabolizable energy in a 
pound of roughage, the total digestible organic matter‘ therein 
contained is multiplied by 1.588; the corresponding factor for 
grains and similar material with less than 5 per cent digestible 
fat is 1.769; for grains with more than 5 per cent fat, 1.814; for oil 
meals and materials high in protein, 2.086. The figure 2.086 is 
about 31 per cent higher than 1.588. This means that the ex- 
treme error that could be made by taking the total digestible 
organic matter of foods as a measure of their metabolizable 
energy would be 31 per cent.’ Such an error, however, would 
be made only in cases where one set of animals was fed entirely 
on roughage; and the other set entirely on oil meals and materials 
high in protein. As a combination of roughage and concentrates 
is fed under almost all practical and experimental conditions, the 
error under consideration would be much smaller than this in 
most cases, and would probably seldom rise above 10 per cent. 

It may be concluded, therefore, that experimental results which 
indicate that the total digestible nutrients are a good index of 
the practical value of foods as sources of nutritive energy, indicate 
also that metabolizable energy is a good index in the same sense. 
The experimental evidence obtained from dairy cows and bearing 
on this question has already been discussed (9). The remarkable 
agreement between the results of Haecker and Eckles and those 
obtained at the Beltsville farm in regard to the quantities of total 


4 The total digestible organic matter contained in a food is the same as the 
total digestible nutrients, except that in the former case the actual weight of the 
fat is added to that of the other constituents, instead of the weight of the fat 
multiplied by 2.25. 

5 The error would obviously be somewhat less in most cases if the total digesti- 
ble nutrients were taken instead of the total digestible organic matter, as the 
high nutritive energy of fat is allowed for in computing the former figures. 
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digestible nutrients necessary to maintain dairy cows at uniform 
body weight indicates that either total digestible nutrients or 
metabolizable energy would constitute a better index of the 
practical value of feeds as sources of nutritive energy for this 
class of farm animals than any other that exists at the present 
time. 

From the existing information the point should be emphasized, 
however, that no system of measuring the nutritive energy of 
foods will give more than very limited information regarding their 
relative practical values in a general sense. Even for animals 
that are simply being maintained at uniform body weight or 
. fattened, certain definite chemical compounds must be supplied 


join the food; and, in the case of animals which are growing or 


producing milk, , OF WoC wool, the problem of chemical. require. { 


ments rather. overshadows that. at_of the energy requirements. 


Unless the chemical Yequirements are adequately met, the most 
exact system of determining the nutritive energy of different foods 
will be useless. 


SUMMARY 
The net energy or starch value of a food is that fraction of its 


metabolizable energy which an animal can use for maintenance 
or fattening. But the value of this fraction in any particular 


instance depends on the heat output of the animal in question, 


and this again depends on the degree of muscular activity, and 
on the external temperature. Net energy and starch values will 
not, therefore, be constant for any given food unless they are 
determined under fixed conditions. As the fixed conditions for 
their experiments, Armsby and Fries have chosen an external 
temperature of about 17°C. and the least possible stimulation 
to muscular activity. 

A careful study of their results shows that even under the most 
uniform conditions which they were able to obtain, the muscular 
activity of their animals was unevenly influenced by uncontrol- 
lable accidental causes, so that the results of individual experi- 
ments on the same food were highly variable. It is questionable 
whether their experiments were sufficiently extended to establish 
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reliable approximate averages even for the conditions above 
described. 
That values obtained under these conditions would not be ) snnfly 
applicable under all practical conditions is obvious. In Armsby’s Naar ae 
system energy converted into fat is regarded as net, and energy | een es | 4 
transformed into muscular activity is counted as waste; for draft — 
animals the reverse is the case. NY 
It is probable that net eriergy values obtained under the con- 
ditions of Armsby’s experiments would be more or less inappli- 
cable under almost all practical conditions. In order to suppose 
that they would be applicable, one must make a number of ques- 
tionable assumptions, among which the most important are th 
the relative tendencies of different, foods to stimulate useless 
muscular activity and other useless forms of heat output would 
remain constant, whether these foods were fed by themselves or 
along g with others, and to whatever conditions of rest and activity | 
or of external temperature the animals concerned were subjected. 
Experiments carried out on dairy cows indicate that the exist- 
ing figures for the total digestible nutrients of dairy feeds furnish) Ww 
avery good measure of the relative values of these feeds as sour 
of nutritive energy under practical conditions. As the figures for} 
total digestible nutrients are the nearest existing approach to the} 
measure of the metabolizable energy contained in feeds, it may | 
be supposed that figures for metabolizable energy would also) 
furnish a good system for measuring feeds as sources of nutritive) 
energy under practical conditions. 
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DAIRY NOTES 


THE EFFECT OF INJURY ON THE COMPOSITION OF COW’S MILK 


A registered Ayrshire cow in the University of Illinois herd became 
ruptured, leaving a swelling about 6 to 8 inches in diameter, a little in 
front and to the right of the udder. It was thought worth while to 
obtain a sample of milk from her to see if the injury might influence its 
composition. Analyses of samples taken from her earlier in the same 
period of lactation, and throughout the previous period of lactation 
were available for comparison. The analyses of the last two samples 
before the injury are given, as they are typical of the milk normally 
obtained from the cow. The two samples consisted of three-day 
composites, one taken at about five weeks and the other at about two 
and one-half weeks prior to the injury. The sample taken after the 
injury consisted of a composite made from the evening milking on the 
day of the injury, and the morning milking on the day following. Since 
the injury became so severe that recovery was not expected, the cow 
was killed before further samples were taken. 

The analytical data are as follows: 


: 2 | 

per cent | percent | percent | percent | percent 
Five weeks before injury........ 11.92 | 0.77 | 3.96 | 3.56 | 3.77 | 1.0286 
Two and one-half weeks before 

REE 11.55 | 0.64 | 4.00 | 3.13 | 3.72 | 1.0289 
8.86 | 0.67 | 2.44 | 3.15 | 2.50 | 1.0244 


The table shows that after injury there was a very decided drop in 
the percentage of total solids, fat and lactose, and in the specific gravity. 
There was practically no change in the percentage of ash or total protein. 
The differences in composition are ascribed to the effects of the injury. 

The change in the percentage content of lactose is in agreement with 
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unpublished data obtained in this laboratory which indicate that the 
lactose of milk is especially sensitive to physiological disturbances. 
O. R. OveERMAN AND F. P. SANMANN, 
Department of Dairy Husbandry, University 
of Illinois, Urbana, Illinois. 


ERRATA 


In the May issue of the JourNax or Darry Science, in the article by 
Messrs. R. F. Hunwicke and H. Jephcott, ‘““The Destruction of Bacteria 
in the Roller Process of Milk Drying,’’ the quoted paragraph at the top 
of page 208 should be inserted just after the word ‘‘summary,’’ line 32, 
page 211. The paragraph in question is part of the quotation from 
Delepine’s report. 
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Sanitary Milk Pumps 


A pump that overcomes 
the difficulties peculiar 


Disassembled 


Sanitary 
Milk Pump overcomes 
the difficulties peculiar to 
pumping milk products. 
All parts in the liquor 
end of the pump includ- 
ing the cylinder, piston 
and valve mechanism, are 
made entirely of bronze, 
so that the most exacting 
sanitary requirements of 
the dairy industry are 
completely fulfilled. 


to pumping milk 
product 


The utmost accessibil- 
ity is afforded by its sim- 
plicity of construction. 
By loosening eight nuts, 
the entire valve mecha- . 
nism may be completely 
disassembled for clean- 
ing. 

The piston may be with- 
drawn after removing 
four wing nuts which 
hold the cylinder head in 


place. 


BUFFALO FOUNDRY & MACHINE CO. 


1581 Fillmore Ave., Buffalo, N. Y. 


NEW YORK CHICAGO 


Your advertisement is being read in every State and in 25 Foreign Countries 
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Knowing and Doing 


It is a principle of life, that it is not what a man knows 
but what a man does that counts. 


Thousands of creamerymen, cheesemakers and dairymen 
not only know but also put to practical use the efficient 
and economical results of the distinctively safe, sweet and 
wholesome sanitary cleanliness which always follows the 
use of 


Consistent high scoring for milk products is more easily 
attained with such faultlessly clean equipment as this 
cleaner so dependably maintains. Moreover, there is an 
entire absence of stale odors and places in the plant for this 
cleaner sweetens, freshens and purifies as it cleans. 


While others have told you of the beneficial results which 
follow the use of Wyandotte Dairyman’s Cleaner and 
Cleanser an order on your supply house will positively 
prove its high efficiency and low cost. 


Ask your supply man. 


The J. B. Ford Company, Sole Mnfrs. Wyandotte, Mich. 


Your advertisement is being read in every State and in 25 Foreign Countries 
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ERY BOTTLE FILLED & EMPTIED & TIMES. SOAKE 
STERILIZED FOR 30 MINUTES IN HOT CAUSTIC SODA souUTION 


Economy in Bottle Handling 


HIS Giant Barry-Wehmiller unit delivers 180 clean, bacteriologically sterile bottles 

a minute. Every bottle is soaked for 30 minutes in caustic soda solution, washed 

by hot water at high pressure, sterilized at 210°, and cooled without reinfection. 
The B-W Soaker-Washer-Sterilizer is designed for economy as well as efficiency. 
Automatic transference of bottles, combining these processes in one continuous opera- 
tion makes possible great economy in handling charges. Graduated temperatures 
prevent breakage of bottles; machinery is carefully designed to avoid wear and tear— 
repair bills are almost nil. 


Exclusive Features 


a. Complete mechanical separation of the soak- e. Automatic transference of bottles from one 
ing process, involving the use of caustic soda, machine to the other. 
from the washing, sterilizing and cooling 


f. Washing by hot water at high pressure from 
processes. 


spindles entirely within the bottle and in close 


b. Construction of soaker pockets, entirely free contact with the glass. (No unsanitary brushes.) 
from —— places for dirt, to allow easy g. Complete separation of the carrying chain from 
COR SS SG: interior of the washer and sterilizer, saving 

c. Continuous motion in the soaker avoiding wear wear and tear on the chain and preventing 
and tear on the heavier machinery. reinfection of the bottles. 

d. Complete drainage of bottles as they emerge h. Step by step motion on the washer to insure 


from soaker. thorough cleaning. 


i. Cooling by application of water to the ex- 
terior only of the bottle. 


Six of these B-W units are used in the largest plants of the Sheffield Farms Company, 
New York City. Adopted by one of the largest European Dairies. 


Barry-Wehmiller approved “In the bottle” pasteurizers, used in combination with the 
Soaker-Washer-Sterilizer forms a most practical bottling system. At the Deerfoot 
Farms Dairy, Southborough, Mass., and the New Haven Dairy Company, New Haven, 
Conn., and A. Stapleton and Sons, Brooklands Farm, London, England, this system 
has proven very successful. 


Many types and capacities, “Midget” to “Giant”? size. Information gladly given. 


Barry-Wehmiller Machinery Co. 


4672 West Florissant Avenue 
ST. LOUIS, MO. U. S. A. 


Your advertisement is being read in every State and in 25 Foreign Countries 
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“You can feed a cow until she bursts, but she will not produce milk unless she has 
the inheritance for doing it.” 


MILK SECRETION 


By Dr. Jonn W. GowEN 
Maine Agricultural Experiment Station, Orono, Me. 


Was written to show how breeding can increase milk yield and butter 
fat production in dairy cattle 


Average milk yield per dairy cow in the United States is slightly more than 3000 
pounds per year. A really good cow will yield from 12,000 to 18,000 pounds per 
year on the same amount of food. Then why keep a low-yield cow? Why bring 
them into the world at all? 

Dr. Gowen wanted to answer these questions so he attacked the problem experi- 
mentally. MILK SECRETION is the result of his years of careful work. 

The information in this book is just the sort of practical help that will enable the 
breeder and dairy man to obtain maximum quantity and quality milk production. 


Price, $4.50 
ORDER FROM THE PUBLISHER 


THE WILLIAMS & WILKINS COMPANY 


Publishers of Scientific Books and Periodicals 
BALTIMORE, MARYLAND 


Of Special Interest to Authors 


PREPARATION OF SCIENTIFIC AND 
TECHNICAL PAPERS 


An authoritative discussion of first steps in treating scientific 
data, suggestions for subject matter and arrangement, correc- 
tions and alterations in manuscript, preparation of copy, kinds 
of type and: how to indicate them, proper use of tenses, correct 
abbreviations, compiling tables, references to literature, head- 
ings, illustrations, footnotes, proof reading, quotations, tables 
of contents. 

A book that has grown through the authors’ years of expe- 
rience in the supervision and in the actual preparation of 
scientific and technical papers. 


Cloth 192 Pages Bibliography 
PRICE $1.50 


THE WILLIAMS & WILKINS COMPANY 
Publishers of Scientific Books and Periodicals 
BALTIMORE, MARYLAND 


Your advertisement is being read in every State and in 25 Foreign Countries 
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T has always been impos- 

sible to obtain Test Bottles, 
on which the colored numer- 
als and graduations would 
remain after many washings. 
‘This constant source of dis- 
satisfaction has been absolute- 
ly eliminated by the New, 
Shiny Black, Impervious 
Kimble Filling. 

Kimble Test Bottles can now be 


washed time and time again, without 
affecting their readability. 


This new development of the 
Kimble Research Laboratory is far 


We will be glad to send you 
a free sample, of one of the 
new Kimble Bottles. 


—— to the old types of common 
ent enamels and carbon base 
fl ers, heretofore used. The Kimble 
Shiny Black sticks so tenaciously, that 
it is practically a part of the bortle. 
Another new feature of the Kimble 
Test Bottle, is the double line numer- 
al. This great improvement over the 
single line numeral will be appreci- 
ated by the operator. 

Instead of the customary acid etched 
writing spot, the Kimble Spot is sand 
blasted, putas the glass a writing pa- 
per finish. The marks you put on the 
spot stay there, until you erase them. 

Every operation in the manufac- 
ture of Kimble Bortles, from molten 
glass to finished bortle, is done in 
our own plant. 


Write us on your letterhead, 
— us the name of your 
. No obligation. 


KIMBLE GLASS COMPANY 


New York 


VINELAND N.VJ. 


Chicago 
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Vacuum Condensation 


As old as the industry—rapid, economical, reliable. 


The Mojonnier Vacuum Pan has been tried for 
years and proved an acknowledged success. It is 
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Write for circular ‘Vacuum Condensation.” 


designed to condense the maximum amount of milk 
with a minimum amount of steam and water in 
4 the shortest length of time. 
ket type, producing a rolling motion of the milk. 
The deep dished bottom insures a rapid movement 
of the milk and therefore more rapid evaporation. 


Coils are of the bas- 


Mojonnier Bros. Co. 
4601 W. Ohio St. 
Chicago, Ill. 


Scientific 
Dairy Equipment 


METEORS 


By CHARLES P. OLIVIER, Ps.D. 
Associate Professor of Astronomy, University of Virginia 
and Astronomer at the Leander McCormick 
Observatory 


The first general work on meteoric as- 
tronomy since 1871. A delightfully in- 
teresting treatise on meteors for all who 
are lovers of Nature’s wonders. 

Meteors and meteorites are among the 
most interesting of natural phenomena, 
yet their significance and the scientific 
explanation of their appearance is perhaps 
little known to the average intelligent 


person. 

One reads Dr. Olivier’s book with ab- 
sorbing interest and subconsciously 
acquires much new knowledge of educa- 
tio: ue. 

Handsomely bound in dark blue cloth 
with an attractive cover design stamped 
in gold. Thirty-two half tone illustra- 
tions. 


A Worthy Addition to any Library 
Price $6.00 
THE WILLIAMS & WILKINS COMPANY 


Publishers of Scientific Books and Periodicals 
Baltimore, U.S. A. 


FOR DIRECT MAIL ADVERTISERS 


Shows how to 1 your busi by 
the use of Direct Mail Advertising, 60 Rages 
full of vital’ business facts and figures. ho, 


and how many prospects you have. 
Over 8,000 lines of business covered. 


Write for your FREE copy. 
R. L. POLK & CO., Detroit, Mich. 


400 POLK BUILDING 
Branches in principal cities of U. 8. 


Your advertisement is being read in every State and in 25 Foreign countries 


af 
Meference 
Catalog 
No. 55 
POLK’S REFERENCE BOOK 
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“BALTIMORE 


FALCONER BLDG. 
(BALTIMORE 


ENGRAVINGS FOR 
MEDICAL AND SCIEN- 
TIFIC PUBLICATIONS 


ANY years experience working in co-operation with 

publishers and authors, engaged in the scientific 
field, have admirably fitted us for this exacting work. 
Our clientele includes, among many others, the scientists 
of the Johns Hopkins University. Such widely diversi- 
fied subjects as Biology, Mineralogy, Physics, Medicine, 
Surgery, Zodlogy, Mathematics, etc., etc., are constantly 
requiring our services, in the matter of engraving repro- 
ductions. 


Naturally, we have developed an intimate knowledge 
of the requirements of this particular phase of the photo- 
engraving industry. We understand the particular illus- 
trative points that must be emphasized. We are accus- 
tomed to working, moreover, from written instructions, 
since our clients are frequently out of direct touch with 
us, or at distant points. 


That we have been eminently successful is attested 
by even our most critical patrons, whom we continue to 
serve after many years of patronage. 


We will be glad to submit samples, make estimates 
and co-operate, in every. possible way, in the production 


of YOUR work. 


BALTIMORE-MARYLAND 
ENGRAVING COMPANY 


BALTIMORE, MARYLAND 


Your advertisement is being read in every State and in 25 Foreign Countries 
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GUERNSEYS 


The Quality--Quantity Breed 


THERE IS A TYCOS OR TAYLOR TEMPERATURE INSTRUMENT 
FOR EVERY PURPOSE 


Recorders 


No need to overrun a batch when 
you can see the time before your 
eyes on the chart. 

No danger of burning or not 
pasteurizing when you use a T7'ycos 
Recorder to guide you. 

However, pasteurizer temperatures 
may be maintained and timed auto- 
matically by 7ycos Regulators. 

Full particulars given in Tycos 
Milk Plant Catalog—Yours for the 
asking. 

Taylor /nstrument Companies 


ROCHESTER, N.Y., U.S 
CANADIAN PLANT, TYCOS BUILDING 
110-112 CHURCH ST., TORONTO, CANADA 
MANUFACTURING DISTRIBUTORS IN GREAT BRITAIN 
SHORT & MASON. LTD.. LONDON 


15 


The Advanced Register records of 
the Guernsey breed offer a wide field 
for research and study. 


We find, for instance, that the ad- 
dition of approximately 2500 records 
made during 1924, to the 17,000 that 
existed before January 1, 1924, raises 
the average production of the breed 
by over five pounds of butter fat 
and over 100 pounds of milk. 


Information concerning the 
Guernsey breed is gladly given. 


THE AMERICAN GUERNSEY CATTLE CLUB 


PETERBORO, N. H. 


Wagner’s Precision Milk and Cream Test Bottles 
with Indestructible Black Graduation, guar- 
anteed not to decolorize; eye strain is practically 
eliminated, thereby insuring accuracy, efficiency, 


and contented opera- 


tors; the easy reading 


gives a sense of secure- 
ness to the operator, it 
fortifies him against un- 
just claims; it makes 
retesting and r 

unnecessary; saving 
time and wages. 


Some of the testimonials 
received, read: 

“The Wagner Test Bottles with 
Indestructible Black Gradua- 
tion are worth their weight in 
gold.” 

Order from us or your 
jobber. 

The Wagner Glass Works 
ESTABLISHED 1887 
and Inventors 
Glassware and 
the testing 
Milk and a products. 


695-697 E. 132nd St. 
New York, N. Y. 
U.S. A. 


Your advertisement is being read in every State and in 25 Foreign Countries 
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Three new De Laval Cream 
(Co-operative Creamery, 
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in the Petaluma 
California 


Always another De Laval— 


EW-STYLE De Laval 
Separators are fur- 
nished for belt, steam- 

turbine or electric motor 
drive. Capacities run as fol- 
lows: Nos. 22 and 25 (also 
furnished to be operated by 
hand)—1350 Ibs. of milk or 
whey per hour. Nos. 30 and 
31, 2500 Ibs. of milk or 3000 
Ibs. of whey per hour. Nos. 
36 and 37, 3500 Ibs. of milk or 
4000 Ibs. of whey per hour. 
Nos. 40 and 41, 4500 Ibs. of 
milk or 5000 lbs. of whey per 
hour. Nos. 60 and 61, 6500 
Ibs. of milk or 7000 lbs. of 
whey perhour. No. 90 (belt 
or motor) 10,000 Ibs. of milk 
or 12,000 Ibs. of whey per 
hour. 


Some years ago the separating needs of the Peta- 
luma Co-operative Creamery, of Petaluma, Calif., 
were met with one De Laval machine. The 
business grew, and as it did two more De Laval 
Separators were added at different times. 


Hundreds of users of factory-size separators order 
De Laval machines just like that. 


Experience has taught them that the De Laval 
does for them everything they expect a separator 
to do—and more. Consequently they keep on 
ordering De Lavals, watching with amusement 
the “rainbow chasers” who hope sometime to find 
a separator better than the De Laval. 


Experienced separator users know that only De 
Laval can build a separator as good as the De Laval. 


The De Laval Separator Company 


NEW YORK CHICAGO SAN FRANCISCO 
165 Broadway 600 Jackson Bivd. 61 Beale Street 


Sooner or later you will use a 


Laval 


Your advertisement is being read in every State and in 25 Foreign Countries 
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Safe - Reliable - Uniform 


K.V.P: Genuine Vegetable Parchment isa necessity for the Dairy 
Food Products: Industry. It is made— 


Free: from: taint or contamination, 
Cream-white color adds.to attractiveness.of wrapped packages. 
Printing inks tested and proven suitable for special requirements. 


Dairy Food’ Products are too sensitive and’ valuable to experiment 
with questionable or unknown vegetable parchment protective wrap- 
persorliners. 


A few cents difference in initial cost may lose dollars in: the fina! test. 


KALAMAZOO VEGETABLE PARCHMENT COMPANY 
KALAMAZOO, MICHIGAN, 


A chemical research department maintained for your service and convenience, 


MARSCHALL 
RENNET-anp COLOR 


GHRISTENSEN'S 
GRADING: APPARATUS 


PURE The Reduction and Fermentation Test 
The reliability of’ the Reduction 
Made in the largest and best equipped is in 
ntry—and now primitive ou 
are that tend to make the 
THE MARSCHALL DAIRY LABORATORY test wnreliable. 
“THE MILK GRADER’ 


has no equal. 
Weather Proverbs and Paradoxes Dairy: Schools and 


By Wriaram J. Howenseys, Pa.D. Experts; leading. Daity Concerns have 
adopted and are endorsing it. 


Arethe familiar old weather Por 28, @ and 200 25-co samples, or for 48, 
fact or This: book, separates the 90 and 300 10-cc samples. With gas lamps, 
true false and gives i scien tific alsohol lamps-or eléétrie control. 


| explanations of Nature’ssigns and 


Well worth d study. for those 
te “weather wise” Wel Well. iNngtra ed: 
ound in 
Price $1.50 FOOD) & DAIRY LABORATORY 
WILLIAMS COMPAN' «145 East Fourth Street 
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THE STANDARD FOR NEARLY FORTY YEARS 


Paterson Vegetable Parchment 
"Nearest to Perfection” 


Wearly forty years ago we were muking Vegetable Parchment. 
One does not specialize for nearly forty years “without 
-coming:very close to Perfection. 


The Paterson Parchment Paper Co. 


ee COMPARABLE PLATE COUNT S 


are obtained with 
CTO-NUTRIENT AGAR 


The use of Bacto-Nutrient Agar for plate counts in the bacteriological examination of milk 
ingures uniformity .. results. is makes possible an accurate comparison of a single milk 
Supply at different times inthe year. The results of different workers in different laboratories 
are reduced to acomparable basis by the use of Bacto-Nutrient Agar. The preparation of media 
from the powder is so simple that all lots of media must be the same. 


The ingredients p in media prepared from Bacto-Nutrient Agar are in the propor- 
tions stipulated in “‘StandarthMethods.’’ No adjustment of reaction or filtration of the me- 
dium is necessary. Xa, 


Specify “DIFCO”’ 
THE TRADE NQME OF THE PIONEERS 
In the research and development of ghgpyone and Gehydrated Culture Media. 


DIGESTIVE FEKMEN''S COMPANY | 
DETROIT, MICHIGAN, U: S. A. 
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